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RESUMO 
Enterococcus spp. são bactérias ubíquas na natureza e capazes de sobreviver a diversos 
agentes químicos e físicos. Esta capacidade está, largamente, associada à aquisição de 
genes, que codificam para diversas características, que permitem a sua adaptação a 
diferentes ambientes e hospedeiros. Nas duas últimas décadas, algumas linhagens 
clonais de Enterococcus faecium e Enterococcus faecalis, com resistência múltipla aos 
antibióticos, emergiram, mundialmente, em unidades hospitalares sendo, atualmente, 
estas espécies reconhecidas como importantes agentes nosocomiais. A seleção e 
manutenção de bactérias com resistência múltipla a antimicrobianos em vários ambientes 
é, reconhecidamente, um problema complexo e multi-fatorial. Tem sido sugerido que, 
juntamente com os antibióticos, outros compostos designados de biocidas, incluídos em 
produtos utilizados quotidianamente (v.g., desinfetantes, conservantes, aditivos 
alimentares), podem contribuir para a seleção e manutenção de bactérias resistentes aos 
antibióticos. Esta preocupação está associada à identificação de mecanismos, que 
conferem, simultaneamente, resistência/tolerância a antibióticos e biocidas, assim como à 
possibilidade de co-aquisição e co-seleção de diferentes genes associados a estas 
resistências/tolerância num mesmo elemento genético. 
Entre os biocidas, largamente, utilizados em diversas atividades antropogénicas e 
dispersos em diferentes ambientes destacam-se o cobre (Cu) (v.g., usado como aditivo 
alimentar animal em rações e na inibição de crescimento microbiano em superfícies), o 
mercúrio (Hg) (v.g., envolvido em diferentes processos industriais) e compostos de 
amónio quaternário (QACs) (v.g., em cosméticos e desinfetantes). Assim, o objetivo geral 
desta tese foi o de caracterizar o contexto ecológico e genético da tolerância a biocidas 
em Enterococcus spp. resistentes a antibióticos. Foram incluídos 920 Enterococcus spp. 
de diferentes origens (humana, animal, ambiental, alimentos), obtidos durante um período 
de 16 anos (1997-2012) e com características fenotípicas e genotípicas variadas. Para 
além da avaliação da resistência a antibióticos, estudou-se a tolerância a compostos de 
Cu, Hg e QACs através de métodos fenotípicos e genotípicos. Genes que codificam para 
as bombas de efluxo (tolerância ao Cu: tcrB, copB; tolerância a QACs: genes smr; 
qacA/B, qacC/D, qacG, qacH, qacZ, qacE∆), redutases do Hg (4 tipos de merA, 
designados de 1, 2, 3, 4) e oxidases do Cu (cueO, mco_pBMB171/P0245, mco_p5578), 
descritos em bactérias de diferentes géneros, foram pesquisados por PCR. Entre os 
genes que codificam para a tolerância a metais foram detetados tcrB, cueO e dois tipos 
de merA (merA2 e merA3). Os genes tcrB e cueO encontraram-se, frequentemente, nos 
mesmos isolados e, ocasionalmente, com merA2. Estes genes associados a uma maior 
tolerância ao Cu e, potencialmente, ao Hg, estavam distribuídos por diferentes 
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comunidades ecológicas (nicho humano, animal, ambiental e alimentos), sugerindo um 
fluxo destes genes entre ambientes e hospedeiros distintos. A prevalência de tcrB e cueO 
foi superior no ambiente de suiniculturas do que na maioria dos outros nichos ecológicos 
(p<0.05), apontando a existência de uma maior pressão seletiva, possivelmente, 
associada ao consumo de Cu como aditivo alimentar. Estes genes foram observados em 
diferentes espécies de Enterococcus, designadamente E. faecium, E. faecalis, E. hirae, 
E. gallinarum e E. casseliflavus. Também foram observados em diversas linhagens 
clonais de E. faecium (destacam-se linhagens de elevado risco de infeção humana ST18 
e ST78, assim como CC5, CC9, CC22, CC94 e vários singletons) e de E. faecalis (CC2, 
CC21 e vários singletons). Entre os genes que codificam para QACs, apenas qacZ foi 
detetado num E. faecium isolado de uma amostra de esgoto hospitalar e identificado na 
linhagem clonal ST17, frequentemente, associada a infeções nosocomiais. Enterococcus 
portadores dos genes tcrB, cueO (principalmente E. faecium), ou de qacZ mostraram ser, 
respetivamente, mais tolerantes a CuSO4 (CMI=16->36mM), ou ao cloreto de benzalcónio 
(CMI=10-11mg/L), uma observação aplicável quer aos isolados selvagens, quer aos 
transconjugantes. A expressão dos genes detetados sugere que estes estão envolvidos 
no processo adaptativo de Enterococcus spp. a diferentes desafios ambientais e não 
constituem resíduos genéticos de eventos recombinacionais durante a evolução 
genómica destas bactérias. A deteção de CMI>12mM para o CuSO4, na ausência dos 
genes tcrB e/ou cueO, foi, fundamentalmente, observada em espécies diferentes de E. 
faecium e indica que mecanismos de tolerância ao cobre diferentes dos pesquisados, 
podem também contribuir para a tolerância a este biocida. 
Verificou-se uma maior associação (p<0.05) entre isolados portadores de tcrB, cueO e/ou 
merA e resistência a antibióticos como tetraciclina (frequentemente observada com tcrB+, 
cueO+ e/ou merA2+), eritromicina (tcrB+, cueO+; merA3+), ampicilina (merA2+), 
ciprofloxacina (merA3+), cloranfenicol (merA3+), estreptomicina (tcrB+, cueO+; merA2+), 
gentamicina (merA3+), ou nitrofurantoína (tcrB+, cueO+; merA2+). Transconjugantes 
portadores de genes de tolerância a biocidas e recuperados de meios suplementados 
com antibióticos (tetraciclina, eritromicina, ampicilina, vancomicina, ou gentamicina), ou 
Cu apresentavam resistência a um ou dois dos antibióticos testados acima mencionados, 
excetuando ciprofloxacina e nitrofurantoína. Este estudo mostrou, pela primeira vez, que 
a transferência por conjugação da resistência à ampicilina (pbp5) ocorre, juntamente com 
um mecanismo de tolerância ao cobre, diferente dos que foram pesquisados, em 
linhagens clonais clinicamente relevantes ST18 e ST78 de E. faecium. Estudos 
posteriores são necessários para a identificação do mecanismo envolvido e sua 
importância na manutenção da resistência à ampicilina nestas linhagens, ou para a 
patogenicidade de E. faecium. 
xxii
Através de ensaios de hibridação de DNA digerido com S1, ou I-CeuI e separado por 
PFGE, os genes tcrB, cueO, merA2 ou qacZ foram detetados em plasmídeos 
mobilizáveis e de diferentes tamanhos (40-300kb). O merA3 foi identificado num 
plasmídeo e também no cromossoma de isolados clínicos. Os genes tcrB e cueO e, 
ocasionalmente, merA2 estavam, frequentemente, co-localizados nos mesmos 
plasmídeos tipo pLG1 em E. faecium, espécie com maior prevalência destes três genes. 
Esta prevalência pode ser explicada pelo facto dos plasmídeos do tipo pLG1 possuírem 
um espectro reduzido de hospedeiros. O gene qacZ foi localizado num plasmídeo do tipo 
Inc18 (largo espectro de hospedeiros), reconhecidos, previamente, por estarem 
envolvidos na plasticidade genética de Enterococcus spp. Para além dos genes de 
tolerância a biocidas, os plasmídeos estudados também possuíam, frequentemente, 
genes de resistência a antibióticos, nomeadamente à tetraciclina [tet(M), tet(L)], à 
eritromicina [erm(B)], ou à vancomicina (vanA), sugerindo que diversos compostos 
podem selecionar estirpes de Enterococcus spp. resistentes aos antibióticos. A análise do 
ambiente genético dos genes de tolerância ao Cu e Hg (nossos dados de sequenciação e 
análise de genomas disponíveis no Genbank) revelou que se encontram em regiões 
genéticas adjacentes e fazem parte de módulos de genes, frequentemente, flanqueados 
por sequências de inserção (IS), nomeadamente pela IS1216. Estas regiões podem 
também incluir genes, que codificam para a tolerância a outros metais, como cádmio e 
arsénio. A IS1216 e outras IS parecem fazer parte de transposões compostos, que 
incluem o gene qacZ, ou o gene tet(S) associado à resistência à tetraciclina (em 
CTn6000 parciais). Estruturas completas do transposão conjugativo CTn6000, outro 
exemplo de estrutura modular, foram detetadas em Enterococcus spp. de vários nichos. 
Os resultados obtidos permitiram concluir que Enterococcus spp. possuem uma 
diversidade de genes, que codificam para a tolerância a biocidas (metais e, 
ocasionalmente, QACs) embora sem especificidade de nicho, de espécie ou clonal. A 
presença/uso de Cu, Hg e QACs pode facilitar a persistência e disseminação de 
Enterococcus spp. com resistência múltipla a antibióticos em diferentes comunidades 
ecológicas e, indiretamente, a evolução de elementos genéticos aliada a fenómenos de 
recombinação de módulos de genes, potencialmente, abundantes nos metagenomas 
locais. 
Palavras chave: Enterococcus, biocidas, antibióticos, transferência genética horizontal, 
cobre, mercúrio, compostos de amónio quaternário. 
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ABSTRACT 
Enterococcus spp. are ubiquitous bacteria capable of surviving to different chemical and 
physical challenges. This ability is associated with the acquisition of diverse genes coding 
for features allowing their adaptation to different environments and hosts. In the last two 
decades, some multidrug resistant clonal lineages of Enterococcus faecium and 
Enterococcus faecalis emerged in hospitals throughout the world, with these species 
being currently recognized as important nosocomial agents.  
The selection and maintenance of multidrug resistant bacteria in different environments is 
a recognized complex multi-factorial problem. It has been suggested that, together with 
antibiotics, other compounds designated as biocides and included in commonly used 
products (e.g. disinfectants, preservatives, food additives), may contribute for the 
selection and maintenance of antibiotic resistant bacteria. This concern associates with 
the identification of mechanisms simultaneous diminishing the activity of antibiotic and 
biocides or of biocide tolerance mechanisms which genes are co-located in common 
mobile genetic elements along with antibiotic resistant genetic determinants. Within the 
biocides largely used in diverse anthropogenic activities and spread in different 
environments, copper (Cu) stands out (e.g., used as animal food additive, and to inhibit 
microbial growth in surfaces), as does mercury (Hg; e.g., involved in different industrial 
processes), and quaternary ammonium compounds (QACs; e.g., in cosmetics and 
disinfectants). Thus, the main goal of this thesis was to characterize the ecological and 
genetic context of biocide tolerance in antibiotic-resistant Enterococcus spp. 
This characterization included 920 Enterococcus spp. from different ecological niches 
(human, animal, environmental, food) sampled during a 16-year period (1997-2012), 
which presented diverse phenotypes and genotypes. Beyond antibiotic-resistance, the 
study addressed tolerance to Cu, Hg and QACs, through phenotypic and genotypic 
methods. Genes encoding for efflux pumps (tolerance to Cu: tcrB, copB; tolerance to 
QACs: smr, qacA/B, qacC/D, qacG, qacH, qacZ, qacE∆), Hg reductases (4 types of merA, 
designated as 1, 2, 3, 4) and Cu oxidases (cueO, mco_pBMB171/P0245, mco_p5578), 
described in bacteria from different genera, were searched by PCR. Among genes 
encoding for metal tolerance, we detected tcrB, cueO and two types of merA (merA2 and 
merA3). The tcrB and cueO genes were frequently found in the same isolates and 
occasionally with merA2. These genes associated with higher tolerance to Cu, and 
potentially Hg, were distributed in different ecological communities (human, animal, 
environmental and food niches), suggesting that they can flow between distinct hosts and 
environments. The prevalence of tcrB and cueO was higher in piggeries environment than 
in most other ecological niches (p<0.05), suggesting a higher selective pressure due to Cu 
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consumption as food additive. These genes were found in different Enterococcus species, 
namely E. faecium, E. faecalis, E. hirae, E. gallinarum, E. casseliflavus. They were also 
observed in several clonal lineages of E. faecium (highlighting high-human-risk infection 
clonal lineages ST18 and ST78 as well as CC5, CC9, CC22, CC94, and several 
singletons) and of E. faecalis (CC2, CC21, and several singletons). 
The only QACs tolerance gene detected in this study was qacZ, isolated from a hospital 
sewage E. faecium identified as ST17, a clonal lineage frequently associated with 
nosocomial infections. Enterococcus spp. harboring tcrB, cueO (mostly E. faecium) or 
qacZ genes were, respectively, more tolerant to CuSO4 (CMI=16->36mM) or 
benzalkonium chloride (MIC=10-11mg/L), an observation applicable to either wild-type 
isolates or transconjugants. Expression of the detected genes suggests their involvement 
in Enterococcus spp. adaptation to different environmental challenges, and not merely 
silent genetic remnants left by recombination events during genomic evolution of these 
bacteria. The detection of CMI>12mM for CuSO4, in the absence of tcrB and/or cueO 
genes, was essentially observed in non-E. faecium species, indicating that Cu tolerance 
mechanisms other than those searched may also contribute for tolerance to this biocide. 
There was a significant association (p<0.05) between isolates harboring tcrB, cueO and/or 
merA and the resistance to antibiotics such as tetracycline (frequently observed with tcrB+, 
cueO+ and/or merA2+), erythromycin (tcrB+, cueO+; merA3+), ampicillin (merA2+), 
ciprofloxacin (merA3+), chloramphenicol (merA3+), streptomycin (tcrB+, cueO+; merA2+), 
gentamicin (merA3+) or nitrofurantoin (tcrB+, cueO+; merA2+). Transconjugants carrying 
genes encoding for biocide tolerance and recovered from antibiotic (tetracycline, 
erythromycin, ampicillin, vancomycin or gentamicin) or Cu-supplemented media were 
resistant to one or more of the tested antibiotics mentioned above, except to ciprofloxacin 
and nitrofurantoin. This study was the first to show that conjugative transfer of ampicillin 
resistance (pbp5) occurs together with a Cu tolerance mechanism different from those 
searched, and involving the clinically relevant ST18 and ST78 E. faecium clonal lineages. 
Further studies will be required for identifying the associated mechanism and its 
importance for the maintenance of ampicillin resistance in these lineages, or for E. 
faecium pathogenicity. 
Using hybridization assays of DNA digested with S1 or I-CeuI and separated by PFGE, 
the tcrB, cueO, merA2 or qacZ genes were detected in mobilizable plasmids of different 
sizes (40-300kb). The merA3 was identified in a plasmid and also in the chromosome of 
clinical isolates. The tcrB, cueO and occasionally merA2 were frequently co-localized in 
the same pLG1-type plasmids in E. faecium – the species with highest observed 
prevalence of these genes (p<0.05). The narrow host range of pLG1- type plasmids may 
explain this prevalence. The qacZ gene was detected in an Inc18 type plasmid (wide host 
xxv
range), previously recognized by their involvement in Enterococcus spp. genetic plasticity. 
Beyond biocide tolerance genes, the studied plasmids also frequently harbored antibiotic-
resistance genes, namely to tetracycline [tet(M), tet(L)], erythromycin [erm(B)], or 
vancomycin (vanA), suggesting that diverse compounds may select antibiotic-resistant 
Enterococcus spp. strains. Genetic environment analysis of Cu and Hg tolerance genes 
(our sequencing data and Genbank available genomes) revealed that they are in adjacent 
genetic regions, and are part of gene modules frequently flanked by insertion sequences 
(IS), namely IS1216. These regions may also include tolerance genes for other metals 
such as cadmium and arsenic. IS1216 and other IS may also integrate composite 
transposons containing qacZ or the tet(S) gene associated with tetracycline resistance (in 
partial CTn6000). 
Complete structures of the conjugative transposon CTn6000 (another example of modular 
structure) were detected in Enterococcus spp. of different niches. Results in this thesis 
allow to conclude that Enterococcus spp. possess diverse genes encoding tolerance to 
biocides (metals and occasionally QACs), albeit without niche, species or clone specificity. 
The presence/use of Cu, Hg and QACs may facilitate the persistence and dissemination 
of Enterococcus spp. with multiple antibiotic-resistance in different ecological communities 
and, indirectly, the evolution of genetic elements associated with recombination of gene-
modules potentially abundant in local metagenomes. 
Keywords: Enterococcus, biocides, antibiotics, horizontal gene transference, copper, 
mercury, quaternary ammonium compounds. 
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Esta tese está dividida em quatro capítulos: 
• CAPÍTULO 1- Introdução geral
Neste capítulo são apresentados os conhecimentos e conceitos atuais sobre a 
relevância, fisiologia, ecologia, estrutura genómica (populacional e de elementos 
genéticos móveis), resistência a antibióticos e tolerância a biocidas de Enterococcus spp., 
de forma a permitir a compreensão da importância, oportunidade e originalidade do 
estudo efectuado.  
• CAPÍTULO 2- Objetivos e lista de publicações
Neste capítulo são indicados os principais objetivos do estudo e a organização dos 
trabalhos realizados e apresentados no capítulo 3. 
• CAPÍTULO 3- Resultados e discussão
Neste capítulo são apresentados os principais resultados encontrados neste estudo 
assim como a sua discussão face ao estado da arte. Estas informações estão integradas 
em  3 publicações, 1 artigo submetido para publicação e 2 artigos em preparação. 
• CAPÍTULO 4- Conclusões gerais
Neste capítulo procedeu-se a uma integração dos principais resultados encontrados, 
destacando a sua relevância para o avanço do conhecimento no tópico “biocidas e 
resistência a antibióticos” em Enterococcus spp. São listadas e sumariadas as principais 
conclusões suportadas pelos dados resultantes desta tese. 
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CAPÍTULO 1
Este capítulo tem como objetivo facultar uma perspetiva sobre os aspetos mais atuais e relevantes 
relacionados com a resistência a antibióticos e tolerância a biocidas em Enterococcus spp. e a 
importância deste género bacteriano para a saúde pública. Nos pontos 1.1 a 1.5 abordaram-se 
tópicos relacionados com as suas características gerais, impacto na saúde humana e dispersão 
na natureza, resistência a antibióticos e plasticidade genética. A partir do ponto 1.6 pretendeu-se 
fornecer informação sobre a importância dos biocidas e o seu possível impacto na seleção de 
bactérias resistentes aos antibióticos. Abordaram-se temas como mecanismos de ação e 
mecanismos de tolerância bacteriana aos biocidas, assim como o potencial impacto do uso destes 
compostos na co-seleção de bactérias resistentes a antibióticos, nomeadamente Enterococcus 
spp. Deu-se particular relevo aos compostos biocidas, alvo de estudo desta tese, designadamente 
cobre, mercúrio e compostos de amónio quaternário. 
Introdução geral  
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1. GÉNERO Enterococcus
1.1. TAXONOMIA E PERSPETIVA HISTÓRICA 
Enterococcus spp. são cocos de Gram positivo incluídos no filo dos Firmicutes, classe 
dos Bacilli, ordem dos Lactobacillales e família das Enterococcaceae (Deák, 2011). 
 A designação “Entèrocoque” surge em 1899 quando Thiercellin descreve, pela primeira 
vez, um novo grupo de diplococos de Gram-positivo de origem intestinal, agrupados em 
pares e pequenas cadeias. No mesmo ano, MacCallum e Hastings descreveram um 
microrganismo isolado de uma endocardite como Micrococcus zymogenes que, 
atualmente, é reconhecido como fazendo parte do género Enterococcus (Wood & 
Holzapfel,1995). Em 1906, Andrewes and Horder designaram estes cocos como 
Streptococcus faecalis, sendo posteriormente descobertas novas espécies como 
Streptococcus faecium, Streptococcus avium e Streptococcus durans que possuíam 
características bioquímicas distintas de Streptococcus faecalis (Wood & Holzapfel,1995). 
Em 1919, Sherman divide o género Streptococcus em dois grupos: o dos não entéricos 
(piogénicos, do grupo viridans e lácticos) e o dos entéricos, sendo esta divisão baseada 
na capacidade de crescimento destes microrganismos a diferentes temperaturas e pH 
(Sherman et al., 1937). Na década de 1930, o grupo dos Streptococcus entéricos, 
incluindo aqueles que hoje sabemos pertencerem ao género Enterococcus, foi suportado 
pela classificação serológica de Lancefield (baseada na presença e diferença química do 
carboidrato C da parede celular) que os juntou no grupo D (Lancefield, 1933). 
 Foi apenas em 1984, com a introdução das técnicas de biologia molecular, que Schleifer 
e Kilpper-Bälz verificaram que S. faecalis e S. faecium tinham características, 
suficientemente distintas de outros Streptococcus, justificando a criação de um novo 
género: Enterococcus (Wood & Holzapfel,1995). Esta separação é fundamentada em 
técnicas de hibridação de DNA-DNA e DNA-rRNA (Kilpper-Bälz et al., 1981, 1982, 1984; 
Schleifer et al., 1985), obtendo-se a confirmação das diferenças entre Enteroccocus spp., 
Streptoccocus spp., Lactococcus spp. e outros cocos de Gram positivo, através da 
análise de sequências do gene16S rRNA (Klein, 2003; Collins et al., 1989; Ludwig et al. 
1985). O posicionamento do género Enterococcus face a outros géneros de bactérias de 
Gram positivo está esquematizado na Figura 1. Atualmente encontram-se identificadas 
mais de 50 espécies de Enterococcus (http://www.bacterio.net/enterococcus.html ). 
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Figura 1.  Posicionamento filogenético do género Enterococcus baseado na sequenciação do gene16S rRNA 
aplicada a diferentes géneros de bactérias de Gram positivo (retirado de Klein 2003; Reprodução com 
permissão da American Society for Microbiology - Anexo1). 
1.2. CARACTERÍSTICAS FISIOLÓGICAS 
 Enterococcus caracterizam-se por serem cocos de Gram positivo, aerotolerantes, 
produtores de ácido láctico a partir da glucose, sem capacidade de esporular e não 
produtores de catalase. Estas bactérias têm a capacidade de sobreviver em condições 
adversas, que incluem largos intervalos de temperatura (10-45ºC) e pH (4.8-9.6), 
concentrações elevadas de cloreto de sódio (v.g. 6,5%) e sais biliares (v.g. 40%) 
(Teixeira et al., 2003; Fisher &  Phillips, 2009). Além disso, são tolerantes ao stress 
oxidativo, azida, detergentes, metais pesados e etanol e à dissecação prolongada 
(Huycke, 2002). Ainda, têm a capacidade de utilizar diversas fontes de energia como 
carboidratos complexos, glicerol, lactato, malato, citrato e vários α-ceto ácidos (Huycke, 
2002; Bøhle et al., 2011). Enterococcus spp. também produzem bacteriocinas, que 
impedem o crescimento de outros microrganismos competidores, tendo um papel 
!"#$%&$%'(&)*+,-'.$,./$/&01+,-'./$
2.'3$%.$4)(5)&$
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importante em alguns setores da indústria alimentar, nomeadamente no desenvolvimento 
de características organoléticas de queijos artesanais (Franz et al., 2001; Moreno et al., 
2006; Nes et al., 2007). 
 A  sobrevivência de Enterococcus spp. a várias condições físico-químicas permite-lhes 
ter uma distribuição ubiquitária na natureza, uma boa competitividade face a outras 
bactérias, que partilham os mesmos nichos ecológicos, assim como colonizar vários 
hospedeiros (Huycke, 2002; Leblanc, 2006). Entre outros, destaca-se o trato 
gastrointestinal dos humanos, animais vertebrados e invertebrados e plantas (Flahaut et 
al., 1996; Santagati et al., 2012). Esta disseminação de Enterococcus spp. por vários 
ambientes está, implicitamente, associada à contaminação de diversos alimentos frescos 
e processados, águas doces, marinhas e de consumo, assim como de superfícies 
inanimadas, entre outros (Guardabassi et al., 2002; Iversen et al., 2002; Simjee et al., 
2002; Wilson & McAfee 2002; Johnston & Jaykus 2004; Novais et al., 2005b; Macedo et 
al., 2011; Santagati et al., 2012). Pelo facto de serem habitantes do trato gastrointestinal 
são usados como um parâmetro indicador de contaminação fecal na análise 
microbiológica de água e alimentos (Castillo-Rojas et al., 2013). 
 Apesar da presença de características metabólicas e fisiológicas comuns entre os 
membros do género Enterococcus, existem diferenças fisiológicas entre as espécies, que 
podem contribuir para a sua adaptação a diferentes ambientes e hospedeiros, 
nomeadamente de Enterococcus faecalis e Enterococcus faecium associadas, 
frequentemente, à infeção em humanos (Huycke, 2002; Leblanc, 2006). Entre os genes 
de patogenicidade, que podem estar presentes nestas duas espécies, encontram-se 
aqueles que codificam para proteínas de superfície, que permitem uma melhor adesão 
(v.g., codificadas pelos genes acm e scm), produção de biofilme (v.g., esp) e para 
reguladores da transcrição (v.g., fsr), que modulam a expressão genética em resposta 
aos desafios ambientais (Coque et al., 2002a; Coque et al., 2002b; Willems et al., 2005; 
Willems et al., 2010). Para informação mais detalhada sobre os fatores de patogenicidade 
de E. faecalis e E. faecium recomenda-se a consulta das seguintes referências 
bibliográficas: Willems et al., 2001; Coque et al., 2002b; Leavis et al., 2004; Willems et al., 
2005; Leavis et al., 2007; Abriouel et al., 2008; Heikens et al., 2008.	  
1.3. ESTRUTURA POPULACIONAL 
 Apesar do género Enterococcus incluir várias espécies, a sua distribuição na natureza 
não é homogénea. Apenas algumas espécies têm sido associadas a infeções no Homem 
(E. faecium, E. faecalis, E. gallinarum, E. raffinosus, E. durans, entre outras), 
nomeadamente de tecidos moles, do trato urinário e endocardites (Samuel et al. 2008; 
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Dombrádi et al., 2012; Vijayakrishnan & Rapose, 2012). Embora infeções por 
Enterococcus spp. possam ser descritas em pacientes da comunidade, é no ambiente 
hospitalar que estas bactérias se destacam, principalmente E. faecalis e E. faecium 
(Hidron et al., 2008), espécies que estão, frequentemente, envolvidas em situações 
epidémicas e endémicas em diferentes continentes (Bonten et al.,2001; Novais et al., 
2004; Novais et al., 2005; Leavis et al,. 2006; Hidron et al,. 2008; Top et al., 2008; Liu et 
al., 2011; Palazzo et al., 2011; Ruiz-Garbajosa et al., 2011; Matsushima et al., 2012). 
Para a avaliação destes contextos epidemiológicos e para tentar compreender a 
contribuição de vários nichos ecológicos na estrutura populacional dos isolados 
envolvidos na infeção humana, têm sido aplicadas diversas metodologias, que permitem 
determinar a relação clonal entre isolados da mesma espécie (Kaufmann, 1998). Entre 
elas destacam-se Pulsed-Field-Gel-Electrophoresis (PFGE) e, mais recentemente, 
MultiLocus Sequence Typing (MLST) (Homan et al., 2002).   
 A identificação e distribuição ecológica de diversas linhagens clonais de E. faecalis e E. 
faecium têm sido descritas em vários estudos (Mcbride et al., 2007; Agersø et al., 2008; 
Burgos et al., 2009; Freitas et al., 2009a; Freitas et al., 2009b). A emergência, 
persistência e a evolução dessas diversas linhagens clonais é, largamente, influenciada 
por recombinação homóloga relacionada com a aquisição de diferentes genes e 
características fenotípicas associadas, determinando o seu maior ou menor sucesso em 
contextos epidemiológicos específicos (Smith et al., 1993; Smith et al., 2000; Feil et al., 
2001; Gupta et al., 2001; Urwin et al., 2003; Willems et al., 2012; Freitas et al., 2013). 
 
 
1.3.1. Estrutura populacional de Enterococcus faecium 
 
 A partir dos anos 90, E. faecium emergiu como um agente responsável por infeções 
nosocomiais importantes (Hidron et al., 2008). O aumento da incidência de infeções 
enterocócicas por esta espécie, comparativamente a E. faecalis (predominante nos anos 
80), esteve relacionado com a sua capacidade de sobreviver a distintos desafios 
ambientais, nomeadamente a diversos antibióticos usados na terapêutica humana, como 
a ampicilina e a vancomicina (Jureen et al., 2003; Coque et al., 2005; Lester et al., 2008; 
Top et al., 2008). A aplicação de MLST associado à utilização do algoritmo eBURST 
[agrupa Sequence Types (STs) que diferem em um ou dois alelos], permitiu detetar a 
existência de uma subpopulação de E. faecium geneticamente distinta e frequentemente 
associada a infeções nosocomiais de diversas regiões geográficas (Willems et al., 2005; 
Leavis et al., 2007). Esta subpopulação, altamente disseminada, foi designada de 
linhagem C1, que mais tarde assumiu a designação de complexo clonal 17 (CC17) (Feil 
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et al., 2004; Willems et al., 2005; Willems et al., 2011). Este sucesso deveu-se a uma 
aquisição sucessiva e cumulativa de genes e/ou elementos genéticos, que conferem 
resistência aos antibióticos, virulência e melhoria da capacidade de colonização (Willems 
et al., 2011). De facto, E. faecium-CC17 são, frequentemente, resistentes à ampicilina, 
vancomicina e quinolonas (Klare et al., 2005; Willems et al., 2005; Bonora et al., 2007; 
Khan et al., 2008; Freitas et al., 2009a; Lopez et al., 2009; Valdezate et al., 2009). Outros 
marcadores com ocorrência variável são os genes de virulência hyl e esp (Coque et al., 
2002b; Rice et al., 2003; Willems et al., 2005; Arias et al., 2009; Rice et al., 2009; Freitas 
et al., 2010; Willems et al., 2011), ilhas genómicas relacionadas com o metabolismo de 
carboidratos (Heikens et al., 2008) e sequências de inserção (IS), importantes na 
modulação genómica (Leavis et al., 2007).  
 Recentemente, detetou-se que a análise da estrutura populacional baseada no algoritmo 
de eBURST parece não ser a mais adequada para a análise filogenética de espécies 
com elevada taxa de recombinação associada a uma baixa taxa de mutação, como E. 
faecium (Willems et al., 2012; de Been et al., 2013). Uma alternativa ao eBURST é a 
análise da estrutura genética populacional combinando a identificação de linhagens que 
ramificaram há mais tempo e a recombinação genética entre elas. Isto pode ser 
determinado usando o sotware de Bayesian Analysis of Population Structure (BAPs), que 
separou os diferentes STs em grupos BAPs (Willems et al., 2012). Este tipo de análise 
revelou que CC17 não é uma única população, mas sim constituído por três linhagens 
clonais designadas de ST17, ST18 (pertencentes ao grupo BAPs 3-3) e ST78 (BAPs 2-1), 
que evoluíram a partir de diferentes ancestrais (Willems et al., 2012). A análise de 1720 
E. faecium sugeriu que o grupo BAPs 3-3 tem uma forte associação ao ambiente 
hospitalar e o BAPs 2-1 ao de produção animal. No entanto, este último co-agrupa cerca 
de 30% dos isolados de origem hospitalar pertencentes ao ST78 juntamente com 
isolados de origem animal. Os autores sugerem que o ST78 evoluiu, separadamente, dos 
isolados hospitalares de BAPS 3-3, tendo em comum a resistência a ampicilina e o fator 
de virulência esp, que se encontra implicado na formação de biofilmes associados a 
infeções do trato urinário e endocardite (Heikens et al., 2007; Leendertse et al., 2009; 
Heikens et al., 2011). Assim, foi sugerido que a emergência de infeções hospitalares 
associadas a determinadas linhagens não é o resultado da disseminação de um clone ou 
complexo clonal, CC17, mas sim de uma evolução constante de diferentes linhagens 
clonais no ambiente hospitalar, através da transferência horizontal de genes e de um 
confinamento ecológico, que diminuiu a sua recombinação com outras linhagens 
genéticas dispersas em diferentes nichos ecológicos (Willems et al., 2012). Apesar dos 
STs de CC17 evoluírem de ancestrais diferentes, a maioria dos isolados relacionados 
com surtos e infeções hospitalares (pertencentes a ST17, ST18 e ST78) são, claramente, 
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distintos da maioria das estirpes comensais de humanos saudáveis e animais (Willems & 
van Schaik, 2009; Lebreton et al., 2013), implicando origens evolutivas distintas, que 
podem ter ocorrido há milhares de anos (Willems & van Schaik, 2009; Galloway-Pena et 
al., 2012; Lebreton et al., 2013).   
 Outras linhagens clonais de E. faecium predominantes em nichos ecológicos particulares 
são CC5 em suínos, CC9 em aves, CC1 em bovinos e CC22 e CC94 em humanos 
saudáveis (Homan et al., 2002; Freitas et al., 2009b; De Leener et al., 2004; Willems et 
al., 2005; Donabedian et al., 2010), apenas causando infeção humana ocasionalmente 
(CC5, CC9) (Freitas et al., 2011a; Lopez et al., 2013).  
1.3.2. Estrutura populacional de Enterococcus faecalis 
 Numerosos métodos moleculares foram aplicados para a análise epidemiológica, ou 
filogenética da espécie E. faecalis (PFGE, AFLP-Amplified fragment length polymorphism, 
ribotipagem, tipagem da cápsula, RFLP- Restriction fragment length polymorphism, rep-
PCR e RAPD- Random Amplified Polymorphic DNA) (Gordillo et al., 1993; Tomayko et 
al., 1995; Seettulsingh et al., 1996; Malathum et al., 1998; Hufnagel et al., 2006). A sua 
estrutura populacional atual inclui uma grande diversidade de STs e de complexos 
clonais (CC2, CC9, CC21, CC40, CC87) e um singleton predominante – o ST16 (Feil et 
al., 2001; Leavis et al., 2006; Ruiz-Garbajosa et al., 2006; McBride et al., 2007; Willems et 
al., 2011). 
 ST6/CC2 é uma das linhagens clonais mais disseminadas, enquanto o CC40 e CC87 
são endémicos em determinadas regiões geográficas (Kawalec et al., 2007; McBride et 
al., 2007; Willems et al., 2011). ST21/CC21 e o ST1 foram identificados em isolados 
oriundos de ambiente hospitalar, assim como em humanos saudáveis, animais e 
produtos alimentares (Mcbride et al., 2007; Agersø et al., 2008; Burgos et al., 2009; 
Chowdhury et al., 2013). Outros singletons menos prevalentes como o ST166 foram 
encontrados quer em humanos, quer em animais, mais uma vez sugerindo que linhagens 
clonais de E. faecalis são, frequentemente, partilhados por diferentes reservatórios 
(Mcbride et al., 2007; Agersø et al., 2008; Burgos et al., 2009). 
1.4. RESISTÊNCIA A ANTIBIÓTICOS: MECANISMOS E EPIDEMIOLOGIA 
 A crescente importância de Enterococcus spp. ao longo das últimas décadas esteve, 
estreitamente, relacionada com a emergência da resistência aos antibióticos verificada 
entre os membros deste género, nomeadamente a aqueles utilizados na terapêutica 
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humana e na produção animal (Aarestrup et al., 2002). A resistência aos antibióticos em 
Enterococcus pode ser intrínseca ou adquirida, e ambas as formas tiveram um papel 
relevante na emergência das infeções por este género bacteriano (Rice, 2012). A 
facilidade de Enterococcus spp. adquirirem genes por transferência horizontal, aliada à 
sua abundância na natureza, foram fatores condicionantes para estas bactérias serem 
consideradas bons indicadores para estudar a resistência aos antibióticos em diversos 
nichos ecológicos (EFSA, 2012a). Entre os antibióticos mais relevantes para o 
tratamentos de infeções enterocócicas e aos quais este género bacteriano tem 
desenvolvido resistências, destacam-se os glicopéptidos, β-lactâmicos (ampicilina), 
aminoglicosídeos (gentamicina e estreptomicina), oxazolidinonas (linezolide) e 
lipopéptidos (daptomicina) (Werner et al., 2001; Werner et al., 2008b; Arias et al., 2010; 
Arias et al., 2011). 
1.4.1. Resistência intrínseca 
 A resistência intrínseca aos antibióticos é aquela que faz parte das características 
naturais do microrganismo, transmitida apenas verticalmente à descendência (Murray, 
1990). Enterococcus spp. são, intrinsecamente, resistentes a diferentes classes de 
antibióticos, limitando as alternativas terapêuticas disponíveis e facilitando a sua seleção 
em ambientes onde esses antibióticos são largamente usados. Entre os antibióticos aos 
quais Enterococcus spp. são, intrinsecamente, resistentes destacam-se os β-lactâmicos, 
nomeadamente cefalosporinas e monobactâmicos, cuja ligação aos PBPs (Penicillin 
Binding Proteins) de Enterococcus  spp. é de baixa afinidade (Sousa, 2006; Hollenbeck & 
Rice, 2012). O uso intenso de cefalosporinas de terceira geração, para o tratamento de 
infeções por bactérias de Gram negativo (v.g., Enterobacteriaceae), associado ao uso de 
metronidazol para o tratamento de infeções por anaeróbios e ao qual Enterococcus  spp. 
também são intrinsecamente resistentes foram fatores relevantes para uma seleção 
intensa destas bactérias nas unidades hospitalares durante os anos 1990 (Cetinkaya et 
al., 2002). 
 Enterococcus  spp. também possuem resistência intrínseca a baixas concentrações de 
aminoglicosídeos (CMI=8-64 µg/mL), associada a uma reduzida permeabilidade 
membranar, que impede a entrada destes antibióticos para o citoplasma bacteriano. Esta 
resistência intrínseca condiciona o uso de aminoglicosídeos na terapêutica, embora 
possam ser usados quando associados a um antibiótico anti-parietal, como ampicilina ou 
vancomicina (Sousa, 2006). Em E. faecium a resistência aos aminoglicosídeos é ainda 
mediada pelos genes cromossomais efmM, que codificam para uma metiltransferase e o 
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gene aac(6’)-li que codifica para uma acetiltransferase, que afetam terapias sinérgicas 
com tobramicina (Murray, 1990; Galimand et al., 2011; Arias et al., 2012).  
 As espécies E. gallinarum, E. casseliflavus e E. flavescens são, intrinsecamente, 
resistentes aos glicopéptidos devido à presença dos genes cromossomais vanC1, vanC2 
e vanC3, respetivamente. Os genes do operão onde vanC está incluído originam a 
formação de D-Ala-D-Ser em vez de D-Ala-D-Ala no local de ligação da vancomicina, 
diminuindo, assim, a afinidade do antibiótico para o seu local alvo (Centinkaya et al., 
2002). Esta resistência é, geralmente, constitutiva e traduz-se fenotipicamente por uma 
baixa resistência à vancomicina, com uma concentração mínima inibitória (CMI) variável 
entre 2-32µg/mL, e suscetibilidade à teicoplanina (CMI=0,5-1µg/mL) (Murray, 1990; 
Courvalin, 2006). 
 Embora Enterococcus  spp. sejam suscetíveis ao trimetoprim-sulfametoxazol (TMP/SMX) 
in vitro (quando testados em meio isento de timina que reverte a ação do TMP/SMX), 
esta combinação pode não ter atividade in vivo. Isto acontece quando estas bactérias 
têm disponíveis no meio circundante os folatos necessários escapando assim à inibição 
da síntese destes compostos por ação do antibiótico, especialmente E. faecium (Murray, 
1990; Leclercq et al., 2005).  
 As espécies E. faecalis, E. avium, E. gallinarum e E. casseliflavus exibem baixo nível de 
resistência às lincosamidas (clindamicina e lincomicina; CMI=12,5-100µg/mL) e 
estreptograminas do grupo A, associada a um mecanismo de efluxo destes antibióticos. 
Todos os E. faecalis são, naturalmente, resistentes a compostos derivados da 
estreptogramina A por possuírem o gene Isa, que confere resistência quer à clindamicina, 
quer à quinupristina-dalfopristina (Murray, 1990; Singh et al., 2002; Hollenbeck & Rice, 
2012). 
 Outros antibióticos, aos quais Enterococcus spp. têm resistência natural, são as 
polimixinas e o metronidazol (Sousa, 2006). A resistência intrínseca de Enterococcus 
spp. a esta diversidade de antibióticos contribuiu para a seleção deste género bacteriano 
em diversos nichos ecológicos (v.g., humano e animal), onde estes compostos são 
largamente utilizados. 
1.4.2. Resistência adquirida 
 A resistência adquirida está associada à ocorrência de genes que sofreram mutações, 
ou à aquisição de novos genes (DNA externo), que não existem na população selvagem 
e que codificam para novas características, que conduzem a fenótipos de diminuição de 
suscetibilidade a um determinado antibiótico (Murray,1990).  
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Este fenómeno tem sido observado em Enterococcus spp. de diversas origens, que 
demonstram resistência a classes de antibióticos como os fenicóis, tetraciclinas, 
macrólidos, lincosamidas, estreptograminas, aminoglicosídeos, β-lactâmicos, 
glicopéptidos ou fluoroquinolonas, entre outros (Murray, 1990; Kak et al., 2002; Leclercq 
et al., 2005).   Embora a resistência adquirida em Enterococcus spp. possa ser mediada 
pela ocorrência de mutações (v.g., nos genes gyrA e parC associadas à resistência às 
quinolonas; no gene pbp5 associado à resistência à ampicilina) (Rice et al., 2004; Werner 
et al., 2010), geralmente está associada à aquisição de diversos elementos genéticos 
envolvidos em eventos de transmissão horizontal, nomeadamente por conjugação, 
transposição e/ou transdução (Coque et al., 2011; Werner et al., 2013). Diversos 
elementos genéticos (v.g., plasmídeos, transposões e integrões) (Coque et al., 2011; 
Werner et al., 2013) têm sido associados à aquisição e transferência de genes de 
resistência em Enterococcus spp. Alguns destes elementos serão abordados mais 
detalhadamente no ponto 1.5. 
 Das resistências adquiridas mais disseminadas e/ou relevantes destacam-se: 
Glicopéptidos - O mecanismo de resistência aos glicopéptidos envolve a alteração do 
local alvo através de uma substituição aminoacídica no dipeptídeo D-Ala:D-Ala por D-
Ala:D-Lac ou Ala:D-Ser, obtendo-se um precursor do peptidoglicano com baixa afinidade 
para estes agentes antimicrobianos e impedindo a transferência das unidades recém-
sintetizadas para o peptidoglicano em crescimento (Murray, 1990; Sousa, 2006). Para 
que se observe a formação deste precursor com baixa afinidade e a expressão do 
fenótipo de resistência aos glicopéptidos, são necessários um conjunto de genes que se 
agrupam em transposões (v.g., Tn1546 e Tn1547) e que codificam para proteínas com 
funções específicas na expressão da resistência (Courvalin, 2008). Os diferentes 
conjuntos de genes, que definem o tipo de resistência aos glicopéptidos são designados 
em função do nome do gene que codifica para uma ligase. Já estão descritos em 
Enterococcus spp. os tipos vanA a vanN, sendo os mais, frequentemente, identificados 
os genes vanA e vanB (Courvalin, 2008; Novais et al., 2008; Werner et al., 2008a; Werner 
et al., 2012). Os diferentes agrupamentos de genes não se traduzem na resistência a 
todas as moléculas de glicopéptidos. Por exemplo, o tipo vanA está relacionado com um 
elevado nível de resistência à vancomicina e teicoplanina, enquanto que o tipo vanB a 
níveis variáveis de resistência à vancomicina e suscetibilidade à teicoplanina (Werner et 
al., 2008a).  
β-lactâmicos - A resistência adquirida aos β-lactâmicos pode estar associada à 
produção de β-lactamases, que conferem resistência à penicilina, aminopenicilinas  (v.g., 
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ampicilina, amoxicilina) e ureídopenicilinas (v.g., piperacilina) e baixo nível de resistência 
ao imipenemo. Estas enzimas são inibidas pelo ácido clavulânico, sulbactam e 
tazobactam (Murray, 1992). Embora a presença de β-lactamases tenha sido 
ocasionalmente descrita em E. faecium e E. faecalis (Patterson et al., 1988; Sarti et al., 
2012), o mecanismo mais comum associado à resistência aos β-lactâmicos em 
Enterococcus  spp. é a produção de PBPs modificadas, com diminuição de afinidade para 
esta classes de antibióticos devido a mutações nos genes pbp (v.g., pbp5 em E. faecium 
e pbp4 em E. faecalis), ou sobreexpressão destas (Rice et al., 2004). Outros genes 
como ddcP, ldtfm, pgt também têm sido apontados como possivelmente envolvidos na 
resistência à ampicilina (Zhang et al., 2012). A transferência horizontal de genes pbp 
associada à mobilização de transposões ou plasmídeos foi também já descrita (Carias et 
al., 1998; Raze et al., 1998; Rice et al., 2005). 
Aminoglicosídeos - Enterococcus spp. podem adquirir um nível elevado de resistência 
aos aminoglicosídeos, fundamentalmente, por dois mecanismos: i) modificação do local 
alvo; e ii) alteração enzimática (Murray, 1990; Kak et al., 2002; Chow, 2000). O primeiro 
está associado a mutações cromossomais, enquanto que o último é mediado por 
elementos genéticos móveis, que transportam genes, que codificam para diferentes 
enzimas como fosfotransferases [por exemplo, aph(2’’)-Ib], ou nucleotidiltransferases [por 
exemplo, ant(4’)-Ia], dependendo se o tipo de inativação do antibiótico é realizada por O-
fosforilação ou O-nucleotidilação, respetivamente (Leclercq et al., 2005). De acordo com 
a enzima produzida nem todos os aminoglicosídeos são afetados. Um dos genes mais 
disseminados é aac6’-Ia-aph2’’-Ie, que codifica para uma enzima bifuncional com funções 
de acetiltransferase e fosfotransferase, conferindo elevada resistência a todos os 
aminoglicosídeos comercializados (v.g., CMI≥500µg/mL à gentamicina, CMI≥2000 µg/mL 
à canamicina) com exceção da estreptomicina (Chow, 2000). Genes como aadE ou aadK 
estão associados à elevada resistência à estreptomicina (CMI≥2000µg/mL) (Chow, 
2000). O elevado nível de resistência adquirida aos aminoglicosídeos impede o 
sinergismo entre qualquer aminoglicosídeo e antibióticos anti-parietais comprometendo, 
deste modo, o tratamento de infeções graves (Leclercq et al., 2005).  
Tetraciclinas - Atualmente, a resistência às tetraciclinas tem uma incidência elevada 
entre várias espécies de Enterococcus (Novais et al., 2005c; Ahmad et al., 2011; 
Seputiene et al., 2012; Doud et al., 2013). Dois grandes mecanismos condicionam a 
resistência às tetraciclinas nestas bactérias: i) bombas de efluxo, que expulsam o 
antibiótico da célula, sendo frequentemente codificadas em Enterococcus spp. pelos 
genes tet(K) ou tet(L); e ii) proteção ribossomal, que dificulta a ligação do antibiótico ao 
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seu local alvo. Os genes que codificam este tipo de mecanismo mais, frequentemente, 
descritos em Enterococcus spp. são tet(M), tet(O) ou tet(S) (Aarestrup et al., 2000; 
Brouwer et al., 2010; Thaker et al., 2010; Ahmad et al., 2011; DiCesare et al., 2013; 
Radhouani et al., 2013). 
Macrólidos, lincosamidas e estreptograminas do grupo B - A resistência adquirida a 
macrólidos, lincosamidas e estreptograminas do grupo B, cujo fenótipo é designado de 
MLSB, está, largamente, distribuída em Enterococcus spp. (Aarestrup et al., 2000; Novais 
et al., 2005c; de Graef et al., 2007; Thumu et al., 2013). Os mecanismos mais relevantes 
estão relacionados com a modificação do local alvo por metilases do gene rRNA [genes 
erm(A), erm(B), erm(C), erm(F) e erm(T)], enzimas inativadoras como liases (vgbA) ou 
transferases (genes InuB, vatB, vatD, vatE), ou bombas de efluxo (msrA, msrC, msrD, 
IsaA, vgaB, mefA) (Roberts et al., 1999) (http://faculty.washington.edu/marilynr/). 
Oxazolidinonas, glicilciclinas e lipopéptidos - Alguns estudos já têm descrito 
resistência  às moléculas mais recentemente introduzidas no mercado. A resistência ao 
grupos das oxazolidinonas, representadas pelo linezolide, tem sido associada a 
mutações no loop central do domínio V do RNA ribossomal 23S. Recentemente, foi 
também associada a um gene adquirido por transferência horizontal, cfr, que codifica 
para a metilação do A2503 do gene rRNA 23S (Long et al., 2006). A resistência às 
glicilciclinas, representadas pela tigeciclina, tem sido raramente descrita em 
Enterococcus spp., sendo o mecanismo ainda desconhecido neste género bacteriano 
(Werner et al., 2008b; Freitas et al., 2011b; Cordina et al., 2012). A resistência aos 
lipopéptidos, representados pela daptomicina, tem sido associada a mutações nos genes 
que codificam as proteínas LiaF e a família da GdpD (Arias et al., 2011).	  
1.4.3. Epidemiologia da resistência aos antibióticos: contexto global e de Portugal 
 A emergência de Enterococcus spp. com resistência múltipla aos antibióticos encontra-
se, fortemente, associada ao consumo excessivo destas moléculas no tratamento de 
infeções humanas (hospital e comunidade), em veterinária (animais de estimação e de 
produção para consumo humano) e na agricultura (ECDC, 2013a; EMA, 2012). Dados 
recentes demonstraram que Portugal está entre os 10 países Europeus, que mais utiliza 
antibióticos no tratamento das infeções humanas da comunidade (DGS, 2013), havendo 
também registo do seu elevado uso no ambiente de produção animal (DGV, 2010). 
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 Atualmente, E. faecium e E. faecalis fazem parte do grupo dos microrganismos 
designados de “ESKAPE” (Enterococcus faecium, Staphylococcus aureus, Klebsiella 
pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa e Enterobacter spp.), 
definidos como aqueles capazes de escapar à ação dos antibióticos, representando 
novos paradigmas na patogénese, transmissão e resistência (Rice et al., 2009; Pendleton 
et al., 2013). Para além de Enterococcus spp. serem reconhecidos a nível mundial como 
importantes agentes de infeções nosocomiais, nos Estados Unidos da América e Europa 
são a segunda e terceira causas de infeção em ambiente hospitalar, respetivamente 
(Arias et al., 2008; Hidron et al., 2008; ECDC, 2013b). Em Portugal, encontram-se 
classificados como o quarto agente etiológico de infeções nosocomiais (ECDC, 2013c).  
 Infeções por Enterococcus spp. são sobretudo associadas a estirpes de E. faecium com 
resistência a múltiplos antibióticos, nomeadamente a antibióticos críticos na terapêutica 
como ampicilina (através do gene pbp5 mutado), glicopéptidos (do tipo vanA e vanB) e 
aminoglicosídeos (sobretudo associada aos gene aac6’-Ie-aph2’’-Ia). A resistência à 
ampicilina é considerada um marcador de linhagens clonais de elevado risco (ST17, 
ST18 e ST78) emergentes em diferentes partes do mundo, incluindo Portugal (Novais et 
al., 2005a; Freitas et al., 2009a; Willems et al., 2012). Estas linhagens podem apresentar 
também resistência a outros antibióticos como à vancomicina, apresentando Portugal 
uma das maiores taxas de resistência a este antibiótico entre E. faecium isolados de 
infeções invasivas (Figura 2). A resistência a aminoglicosídeos a nível hospitalar tem sido 
sobretudo associada à espécie E. faecalis e aos complexos clonais CC2, CC9 e CC87 
(Ruiz.Garbajosa.et.al.,.2006;.Kuch.et.al.,.2012;.http://www.ecdc.europa.eu/en/healthtopics
/antimicrobial_resistance/database/Pages/map_reports.aspx.) 
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Figura 2. Percentagem de E. faecium invasivos resistentes à vancomicina nos países Europeus, dados   
referentes ao ano de 2012.  Figurrada de http://www.ecdc.europa.eu/en/healthtopics/antimicrobial_ 
resistance/database/Pages/map_reports.aspx. 
 
 
 Para além de serem um problema nas unidades hospitalares, Enterococcus spp. com 
resistência a múltiplos antibióticos encontram-se, largamente, disseminados na 
comunidade de diferentes países (Aarestrup et al., 2000; Larsen et al., 2010; DiCesare et 
al., 2013; Hammad et al., 2014). Em Portugal, destaca-se a sua presença no ambiente de 
produção animal (Novais et al., 2005a; Braga et al., 2012), animais de estimação e 
selvagens (Poeta et al., 2006; Gonçalves et al., 2013; Santos et al., 2013), no ambiente 
aquático (Novais et al., 2005b; Marinho et al., 2013), alimentos e água para consumo 
humano (Macedo et al., 2011; Novais et al., 2005c; Campos et al., 2013) e fezes de 
humanos saudáveis (Novais et al., 2006). Entre as resistências mais comuns descritas na 
literatura e detetadas em nichos extrahospitalares de diversos países destaca-se a 
resistência às tetraciclinas [por exemplo, associada a genes tet(M), tet(L), tet(S)], a 
macrólidos [por exemplo, genes erm(B)] e aminoglicosídeos como a estreptomicina (v.g., 
gene aadA e aad9) (Mahbub et al., 2005; Barreto et al., 2009; Ahmad et al., 2011). O 
elevado consumo destes antibióticos na comunidade, nomeadamente no tratamento de 
infeções humanas e animais (ECDC, 2013a; EMA, 2012), contribui para seleção de 
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Enterococcus spp. resistentes aos antibióticos mencionados. Também têm sido descritos 
em animais de produção e de estimação, humanos saudáveis e ambiente aquático, 
Enterococcus spp. com resistência aos glicopéptidos (vancomicina e teicoplanina), 
ampicilina ou gentamicina, importantes no tratamento das infeções enterocócicas. Estes 
pertencem a várias espécies e linhagens clonais, nomeadamente às de elevado risco (E. 
faecium ST18 e ST78; E. faecalis-CC2), ou outras, ocasionalmente, associadas a 
infeções humanas (E. faecium-CC5; E. faecalis-CC21) (Freitas et al., 2011a; Freitas et 
al., 2009a). É de destacar que isolados de E. faecium-CC5 resistentes à vancomicina, 
tetraciclina e outros antibióticos, está disseminado em suínos oriundos de vários países 
Europeus e Estados Unidos, em humanos saudáveis e humanos hospitalizados, 
nomeadamente em Portugal (Freitas et al., 2011a). 
 A dispersão da resistência aos antibióticos entre nichos e hospedeiros está associada 
não só à dispersão clonal, mas sobretudo à transferência horizontal de elementos 
genéticos móveis. De facto, transposões que codificam para a resistência à vancomicina 
(v.g., Tn1546 e Tn5382), ou tetraciclinas (v.g., Tn916 e Tn5397) foram detetados entre 
isolados de humanos, animais e/ou ambiente (Torres et al., 2003; Novais et al., 2008; 
Valdezate et al., 2009; Ahmad et al., 2011; Radhouani et al., 2013; Song et al., 2013). 
Adicionalmente, o mesmo plasmídeo portador de Tn1546 foi detectado em humanos e 
suínos (Freitas et al., 2011a) e o gene cfr emergente em diversas unidades hospitalares 
parece ter uma origem animal (Liu et al., 2012; Liu et al., 2013; Patel et al., 2013).  
 As vias de contaminação para a dispersão de estirpes e elementos genéticos entre 
diferentes hospedeiros e ambientes são diversas, destacando-se a cadeia alimentar e o 
contato direto com ambientes contaminados, ou hospedeiros colonizados por estas 
bactérias (animais de produção, manipulação de alimentos contaminados, atividades 
recreativas em águas contaminadas) (Figura 3) (Witte, 2000; Aarestrup et al., 2008; 
Byappanahalli et al., 2012). 
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Figura 3. Vias de disseminação de bactérias resistentes a antibióticos e respetivos elementos genéticos 
entre diferentes nichos (Figura adaptada de Witte et al., 2000). 
1.5. ELEMENTOS GENÉTICOS MÓVEIS EM Enterococcus spp. 
 A emergência de estirpes de Enterococcus spp. com novas características adaptativas 
conferidas pela resistência a antibióticos, capacidade de colonização, ou 
fenótipos/genótipos de virulência, ilustram a importância da transferência horizontal na 
evolução destes microrganismos (Coque et al., 2011). Esta parece ser importante na 
adaptação de E. faecium e E. faecalis a ambientes específicos conferindo-lhes 
propriedades que favorecem a colonização, virulência, ou persistência em diferentes 
hospedeiros e ambientes (Palmer et al., 2010; Werner et al., 2013). Além de genes que 
codificam para resistência para antibióticos, os elementos genéticos móveis podem 
albergar genes que codificam para adesinas, biocidas, bacteriocinas, ou proteínas que 
participam em diferentes vias metabólicas (de la Cruz et al., 2000; Osborn et al., 2002; 
Toussaint et al., 2002; Frost et al., 2005). 
 A transferência horizontal ocorre não só entre membros de Enterococcus spp., mas 
também com outros microrganismos, que partilham as mesmas comunidades ecológicas. 
Utilização de 
antibióticos 
como 
promotores de 
crescimento, 
profilaxia e na 
terapia. 
Ambiente aquático 
Águas superficiais 
Águas residuais 
Solo 
Agricultura 
Fezes 
Animais para 
consumo 
humano 
Alimentos Alimentação animal 
Doentes 
hospitalizados 
Utilização de 
antibióticos 
na terapia e 
profilaxia 
Humanos da 
comunidade 
No caso de 
admissão 
hospitalar 
Fezes 
Produtos 
de origem 
animal 
Pressão selectiva 
Reservatórios principais 
Ecossistemas ambientais importantes 
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Esta partilha de genes parece ser mais influenciada pela proximidade física entre os 
microrganismos que partilhem propriedades genómicas similares (v.g., tamanho do 
genoma, composição em guaninas e citosinas), ou pelo uso de compostos orgânicos do 
que pela proximidade filogenética (Jain et al., 2003; Skippington et al., 2011).  
Dentro do mobiloma (repertório de elementos genéticos móveis) de Enterococcus spp.  
serão apenas abordados os elementos genéticos envolvidos em eventos de transposição 
e plasmídeos.  
 
 
1.5.1. Elementos de transposição 
 
 Os elementos de transposição estão largamente distribuídos no género Enterococcus e 
incluem sequências de inserção (IS), transposões compostos, transposões tipo Tn3 e 
transposões conjugativos. Os transposões compostos e a família de transposões tipo Tn3 
encontram-se disseminados nas bactérias de Gram positivo e de Gram negativo, 
enquanto que os transposões conjugativos são, na maior parte dos casos, encontrados 
em bactérias de Gram positivo (Weaver et al., 2002; Clewell et al., 2004). 
 
1.5.1.1. Sequências de Inserção (ISs) 
 
 As ISs são elementos de transposição muito simples, constituidos por pequenas 
sequências de DNA, que variam entre 700 e 2500 pares de bases (http://www-
is.biotoul.fr/ and  Mahillon et al., 1999; Siguier et al., 2006; Depardieu et al., 2007).  Estes 
elementos contêm um gene, que codifica para uma transposase e sequências 
denominadas de repetições invertidas (IR) nas extremidades do elemento, ambas 
necessárias para a transposição (Mahillon & Chandler, 1998).  
 As ISs podem existir como elementos de transposição autónomos, mobilizando-se para 
diferentes partes do genoma (cromossoma, ou plasmídeos), participando na eliminação 
da atividade, ou na expressão de genes circundantes (Mahillon & Chandler, 1998). Além 
disso, por eventos de recombinação homóloga podem participar na criação de 
plataformas genéticas modulares (v.g., Tn5385), ou na variabilidade de elementos 
genéticos como Tn1546, ou plasmídeos, contribuindo assim para a plasticidade genética 
dos genomas bacterianos (Mahillon & Chandler, 1998; Rice et al., 1998b; Novais et al., 
2008; Freitas et al., 2013, Werner et al., 2013). Quando as ISs estão a flanquear um ou 
mais genes, fazem parte de transposões compostos (ver seção 1.5.1.2). Para uma 
revisão detalhada sobre a contribuição das ISs na plasticidade genómica dos 
microrganismos recomenda-se a leitura de Mahillon & Chandler, 1998. 
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 Encontram-se descritas doze famílias de ISs disseminadas entre Firmicutes e 
identificadas em Enterococcus spp. de diferentes nichos ecológicos (Coque, 2008), tanto 
em E. faecium como em E. faecalis. São exemplos as IS16 e IS256 (família IS256), 
IS1216 (família IS6), IS1476 e IS1251 (família ISL3) e ISEfI/IS6770 (família IS30) (Rice et 
al., 1994a, 1995; MacKinnon et al., 1997; Huh et al., 2004; Camargo et al., 2005; Novais 
et al., 2008; Werner et al., 2011).  
1.5.1.2. Transposões compostos 
Os transposões compostos são constituídos por um número variável de genes que, 
habitualmente, codificam para a resistência a antibióticos, ou funções catabólicas com 
tamanho variável entre 4.7 e 65.0 Kilobases (Kb) e são flanqueados por ISs (Merlin et al., 
2000). 
 Encontram-se descritos diversos transposões compostos em Enterococcus spp. 
associados à resistência a antibióticos. Alguns exemplos representativos incluem o 
Tn5405, que codifica para a resistência aos aminoglicosídeos (aadE, sat4-aphA-3) e 
Tn5281/Tn5384/Tn5385, que codificam para a resistência a concentrações elevadas de 
gentamicina (Heaton et al., 1996; Quintiliani et al., 1996; Werner et al., 2001). A maior 
parte dos transposões compostos estão disseminados quer em diferentes espécies de 
Enterococcus, quer em diferentes nichos ecológicos e encontram-se localizados em 
plasmídeos. É o caso de Tn5405, encontrado em Enterococcus spp. oriundos de animais 
de estimação, de produção e alimentos, e presente em plasmídeos da família Inc18 
(Werner et al., 2001; Teuber,et al., 2003; Werner et al., 2003). 
A presença de vários elementos de transposição relacionados é favorável 
à ocorrência de recombinações homólogas entre as ISs localizadas nos transposões, 
plasmídeos e cromossoma, contribuindo para a transferência e disseminação de 
transposões particulares, ou influenciando rearranjos de DNA. Estes eventos genéticos 
podem resultar na aquisição de diversas características como a resistência a antibióticos, 
virulência, ou produção de bacteriocinas (Grady et al., 2003; Paulsen et al., 2003; 
Kozitskaya et al., 2004; Sletvold et al., 2007, 2010). 
1.5.1.3. Derivados do Tn3 
 Os transposões do tipo Tn3 são constituídos por uma transposase, uma resolvase e um 
fragmento de DNA variável (v.g., que codifica para a resistência a antibióticos) 
flanqueados por duas sequências invertidas e repetidas (Trun & Trempy, 2004). O seu 
mecanismo de transposição é replicativo, o que significa que quer a bactéria dadora, quer 
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a recetora possuem uma cópia do elemento genético após a sua transposição. A família 
de transposões tipo Tn3 divide-se em duas subfamílias, conforme a direção da 
transcrição dos genes da transposase e resolvase. Se a transcrição destes é feita em 
direção oposta designa-se de subfamília Tn3, se na mesma direção por Tn21 (Grindley et 
al., 2001). São exemplos de transposões do tipo Tn3 em Enterococcus spp. o Tn1546 e 
Tn917/Tn3871 (subfamílias Tn3 e Tn21, respetivamente). A disseminação de 
transposões da família Tn3 em Enterococcus spp. é facilitada por plasmídeos 
conjugativos (Shaw et al., 1985; Arthur et al., 1993). O Tn1546 (10.8Kb) é constituído por 
um conjunto de sete genes (vanRSHXYZ), que medeiam a resistência aos glicopéptidos 
(vancomicina e teicoplanina) (Arthur et al., 1993; Werner et al., 2008a) e encontra-se 
descrito em isolados de diferentes nichos ecológicos (Weigel et al., 2003; Guardabassi et 
al., 2005; Clark et al., 2005; Guardabassi et al., 2006; Malik et al., 2008; Novais et al., 
2008; Perichon et al., 2009). O Tn917 (5.3Kb) codifica para a resistência aos macrólidos, 
lincosamidas e estreptograminas do grupo B (gene ermB) (Tomich et al., 1980; Shaw et 
al., 1985). Encontra-se, frequentemente, localizado em plasmídeos de E. faecalis (v.g., 
pAD1) e a sua transposição, assim como a expressão da resistência à eritromicina, são 
induzidas pela presença deste antibiótico (Tomich et al.,1979). O Tn3871 (5.1Kb) tem 
grande proximidade com o Tn917 (Banai et al., 1984). Estes elementos estão, 
amplamente, disseminados em humanos, alimentos e animais (Rollins et al., 1985; 
Thomas et al., 2005). 
1.5.1.4. Transposões conjugativos ou elementos de integração cromossomal 
 Os transposões conjugativos (CTns) são também denominados de elementos de 
integração cromossomal (ICE) (Coque, 2008). Estes têm capacidade de se auto-transferir 
entre uma célula dadora e uma célula recetora. A sua estrutura genética compreende 
diversos módulos envolvidos na integração/excisão, conjugação e regulação, para além 
de poderem conter genes, que codificam para outras funções como resistência a 
antibióticos, virulência, ou metabolismo de diferentes nutrientes. Estas características 
conferidas pelos CTn/ICE contribuem para a rápida adaptação das bactérias a diversas 
condições ambientais e a colonização de novos nichos (Burrus & Waldor, 2004).  
 Apesar da sintenia observada nos CTn, estes diferem nas sequências dos genes das 
integrases e excisionases (recombinase tipo serina ou tirosina) e na especificidade do 
seu local de inserção (único ou múltiplo), determinando a sua promiscuidade (Roberts et 
al., 2009, 2011). Estes elementos têm uma extraordinária capacidade de estarem 
envolvidos em processos de recombinação genética numa diversidade de genomas, ou 
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elementos genéticos móveis, resultando, frequentemente, em plataformas genéticas 
mosaico contendo fragmentos de outros transposões e plasmídeos (Roberts et al., 2009; 
Burrus & Waldor, 2004).  
 Os CTns contribuem, largamente, para a disseminação da resistência a antibióticos tanto 
em microrganismos comensais como patogénicos, nomeadamente Enterococcus spp. de 
vários nichos ecológicos (Agersø et al., 2006; Novais et al., 2010a). Muitos dos CTns de 
Enterococcus spp. são portadores de genes de resistência à tetraciclina [tet(M) (CTn916, 
CTn5397; CTn5801), ou tet(S) (CTn6000)], podendo também conter genes de resistência 
à canamicina e eritromicina (CTn1545) (Garnier et al., 2000; Weaver et al., 2002; Roberts 
et al., 2009; Werner et al., 2013). Existem ainda estruturas modulares de transposição 
contendo transposões do tipo CTn916 como o CTn5385 (CTn5381-Tn5384-Tn552), ou 
CTn5382 (pbp5-CTn1549), que codificam para a resistência a múltiplos antibióticos 
(Carias et al., 1998; Rice, , 1998a). 
 Elementos da família CTn916/Tn1545 [tet(M)] são dos mais frequentes em Enterococcus 
spp. (Rice et al., 1998b; Roberts et al., 2009, 2011) e têm uma baixa especificidade de 
integração, o que permite a sua ampla disseminação (Rice, 1998a; Roberts et al., 2009; 
Wozniak et al., 2010). CTn6000 [tet(S)], CTn5801 [tet(M)] e CTn5397 [tet(M)] foram 
descritos em vários nichos ecológicos, sendo que alguns são encontrados mais, 
frequentemente, em algumas espécies (Brouwer et al., 2010; Novais et al., 2010). Os 
CTns têm sido descritos em bactérias de Gram positivo colonizadoras do trato 
gastrointestinal e cavidade oral de humanos e em alimentos de origem animal, com ou 
sem exposição à tetraciclina, o que sugere a elevada frequência de transferência destes 
elementos em condições naturais (Lancaster et al., 2005). 
 
 
1.5.2. Plasmídeos  
 
 Os plasmídeos são elementos genéticos móveis extra-cromossomais, capazes de se 
replicarem e de se manterem independentemente do tipo de hospedeiro. A sua estrutura 
é modular e inclui regiões estáveis, que contêm genes que codificam para funções 
essenciais (replicação, conjugação e manutenção) e uma região variável, que contém um 
conjunto de genes, que codificam para funções adaptativas (resistência a antibióticos, 
metais pesados, biocidas, virulência, produção de bacteriocinas, funções metabólicas e 
simbióticas, ou resistência à radiação) (Espinosa et al., 2000; Taylor et al., 2004; Thomas 
et al., 2004; Bennett, 2008). O tamanho dos plasmídeos pode variar entre 1Kb e mais de 
2Mb (http://www.genomics.ceh.ac.uk/plasmiddb/) (Molbak et al., 2003). Especula-se que 
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ambientes complexos possam selecionar plasmídeos maiores se estes codificarem para 
características que confiram vantagens competitivas/adaptativas (Slater et al., 2008).  
 A classificação dos plasmídeos tem sido realizada com base em diferentes critérios, 
como seja o número de cópias características do hospedeiro, replicação e mobilidade, 
não existindo ainda um critério universal e definitivo dada a plasticidade destes 
elementos (Francia et al., 2004; Taylor et al., 2004; Kim et al., 2006; Garcillan-Barcia et 
al., 2008; Jensen et al., 2010). Em Enterococcus spp., a replicação dos plasmídeos 
ocorre por uma de duas vias: a de círculo rolante (“Rolling-circle”), ou a replicação Teta 
de deslocamento de cadeia (“strand displacement”), sendo a última mais comum e 
associada a plasmídeos de maior tamanho (del Solar et al., 1998). De acordo com a 
mobilidade, os plasmídeos podem ser classificados em conjugativos, mobilizáveis e não-
mobilizáveis. A maquinaria da mobilidade inclui um grupo de genes de mobilidade (MOB), 
que permitem a conjugação de DNA: um local original de transferência (oriT) e uma 
relaxase, que funciona como enzima reguladora do início e final da conjugação. Estes 
componentes são comuns tanto em plasmídeos mobilizáveis, como em plasmídeos 
conjugativos, de forma a codificarem as funções necessárias à sua auto-transferência e, 
assim, tendendo a ser maiores (>30Kb) e com um baixo número de cópias. Os 
plasmídeos não mobilizáveis não são auto-transferíveis e disseminam-se, naturalmente, 
por transformação ou transdução, não havendo descrições em Enterococcus spp. (Waar 
et al., 2002; Smillie et al., 2010). Devido à distribuição universal de replicases e relaxases 
nos plasmídeos, estas foram utilizadas para a sua classificação (Francia et al., 2004; 
Garcillan-Barcia et al., 2009; Jensen et al., 2010).  
 De acordo com o mecanismo de replicação, as famílias de plasmídeos em Enterococcus 
spp. dividem-se em plasmídeos RCR (rolling-circle replicating; pRI1-like), ou plasmídeos 
Teta (RepA_N, Inc18_Type e PHTβ-like) (Weaver et al., 2002; Garcia-Migura et al., 2009; 
Rosvoll et al., 2009; Weaver et al., 2009; Jensen et al., 2010; Sletvold et al., 2010). 
Quatro famílias de relaxases (MobC, MobP, MobQ, MobV) têm sido associadas a 
diferentes tipos de plasmídeos e CTns.  
1.5.2.1. Plasmídeos RCR 
 Plasmídeos RCR constitutem um familia extensa de plasmídeos de pequenas dimensões 
(<10Kb), com elevado número de cópias, e capazes de se replicarem num largo espetro 
de bactérias de Gram positivo e de Gram negativo (del Solar et al., 1993; Khan, 1997; del 
Solar et al., 1998; Weaver et al., 2002; Khan, 2004).  
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 Atualmente, estão descritas sete famílias de plasmídeos RCR, com base na sequência 
das proteínas iniciadoras de replicação (Rep) e também da cadeia dupla de origem da 
replicação. Muitas destas famílias são crípticas (sem função conhecida na natureza), 
enquanto outras transportam genes de resistência a antibióticos, genes associados à 
mobilização e transferência, ou recombinases envolvidas na resolução de multímeros dos 
plasmídeos (Khan, 1997; Khan, 2005). Os plasmídeos RCR descritos em E. faecium e E. 
faecalis pertencem às famílias pE194/pLS1, ou pMV158 e pC194/pUB110. 
Recentemente, foi descrita uma nova familia, que parece ser intrínseca da espécie E. 
faecium correspondendo a um novo grupo de plasmídeos RCR (pRI1-like), representado 
pelo pRI1 e seus derivados, sejam criptícos (pRI1, pJS42, pEFNP1), ou associados à 
resistência à tetraciclina [pKQ10::tet(U)]. Estes plasmídeos encontram-se, globalmente, 
disseminados existindo descrições, quer em animais de produção, quer a nível hospitalar 
(Ridenhour et al.,1996; Garcia-Migura et al., 2009; Jensen et al., 2010; Freitas et al., 
2013). 
 1.5.2.2. Plasmídeos Teta 
 A replicação Teta foi descrita pela primeira vez em bactérias de Gram positivo no grupo 
de Streptococcus spp. e Enterococcus spp. (Bruand et al., 1991; del Solar et al., 1998; 
Espinosa et al., 2000). Os plasmídeos de Enterococcus spp. de replicação teta incluem 
pequenos plasmídeos mobilizáveis (<15Kb), que são, na sua maioria, crípticos e 
plasmídeos conjugativos de maior tamanho (>30Kb), que podem codificar uma grande 
diversidade de funções adaptativas como a resistência a antibióticos, biocidas, metais, 
funções metabólicas e determinantes de virulência (Coque et al., 2011). 
a) Plasmídeos Teta de pequeno tamanho
 Os plasmídeos pequenos de replicação Teta (<15Kb) têm sido cada vez mais descritos 
em Enterococcus spp.. Ainda que maioritariamente crípticos, estão, frequentemente, 
associados à produção de bacteriocinas, que têm atividade contra uma variedade de 
bactérias de Gram positivo. Podem ter sistemas de mobilização associados a plasmídeos 
RCR (MOBV; pAMα1-like), ou plasmídeos Teta (MobP7; por exemplo, pCIZ2, pB82, 
pEF1071, p200B) (Martinez-Bueno et al., 2000; Garcillan-Barcia et al., 2008; Garcillan-
Barcia et al., 2009) e têm sido descritos em Enterococcus spp. oriundos de pacientes 
hospitalizados, animais e alimentos (Nes et al., 2007; Coque, 2008; Criado et al., 2008; 
Freitas et al., 2013). 
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b) Família Inc18  
 A família Inc18 inclui um grupo de plasmídeos com tamanho de 25-50Kb, de baixo 
número de cópias e que exibe um espetro de hospedeiro alargado (Schwarz et al., 2001; 
Kurenbach et al., 2003; Teuber et al., 2003). Plasmídeos representativos desta família 
incluem o pIP501 de Streptococcus agalactiae, pRE25 e pAMβ1 de E. faecalis, e pIP186 
de E. faecium. O tamanho e constituição dos plasmídeos da família Inc18 é muito 
variável devido à aquisição (ISs, transposões e ilhas genómicas) e perda de DNA, que 
parece ocorrer por deleção espontânea após transferência conjugativa para diferentes 
hospedeiros (Thompson et al., 2003; Zuniga et al., 2003). 
 Os plasmídeos Inc18 replicam por um mecanismo único, de “antisense-RNA” de 
atenuação transcripcional, ainda não identificado em bactérias de Gram negativo (de la 
Hoz et al., 2000; Weaver et al., 2002; Brantl, 2004). A relaxase é o protótipo da subfamília 
MobQ3 (família MOBQ), que apenas inclui plasmídeos do filo Firmicutes (Garcillan-Barcia 
et al., 2008). Também a presença de genes que codificam as Rep e sistemas de morte 
pós-segregacionais (PSK) são, frequentemente, encontrados em plasmídeos e 
cromossomas de diversas bactérias, demonstrando que os plasmídeos Inc18 estão, 
frequentemente, envolvidos nos processos de transferência genética horizontal (Cooper 
et al., 2000; Moritz et al., 2007; Van Melderen et al., 2009). Os plasmídeos da família 
Inc18 conferem, geralmente, resistência a macrólidos, lincosamidas, estreptograminas, 
alguns aminoglicosídeos (canamicina, estreptomicina), cloranfenicol e mercúrio (LeBlanc 
et al., 1986; Schwarz et al., 2001; Davies et al., 2005).  
 
      c) Família RepA_N 
 A família de plasmídeos RepA_N compreende uma grande diversidade de subfamílias 
de plasmídeos de espetro de hospedeiro reduzido, que se encontram distribuídos em 
bactérias de Gram positivo com baixo conteúdo em guanina e citosina (Weaver et al., 
2009). As proteínas RepA desta família subdividem-se em cinco grupos com forte 
correlação a determinado género de hospedeiros (Enterococcus, Streptococcus, 
Lactobacillus, Lactococcus e Staphylococcus). Em E. faecalis, os membros desta família 
incluem plasmídeos, que respondem a feromonas e, em E. faecium a derivados dos 
plasmídeos pRUM e pLG1 (Weaver et al., 2009; Laverde Gomez et al., 2011). Duas 
familias de relaxases filogeneticamente distantes, MobC2 e MobP7, têm sido descritas 
nestes plasmídeos (Garcillan-Barcia et al., 2009). 
 
 Os plasmídeos que respondem a feromonas constituem o paradigma dos sistemas de 
conjugação em bactérias de Gram positivo. Estes plasmídeos possuem genes que 
codificam para uma resposta a feromonas produzidas por bactérias recetoras. As 
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feromonas são codificadas por genes cromossomais destas bactérias, enquanto as 
proteínas importantes para o sinal quer de deteção, quer de resposta são codificadas por 
genes localizados no plasmídeo, que responde à feromona sexual. Este sistema de 
conjugação é extremamente específico, na medida em que estes plasmídeos só 
respondem a feromonas específicas (Clewell et al., 2004; Kozlowicz et al., 2006). Assim, 
plasmídeos que respondem a feromonas encontram-se classificados em diferentes 
grupos de incompatibilidade, de acordo com a feromona sexual a que respondem (Coque 
et al., 2011). 
 As famílias mais comuns correspondem a pAD1, pCF10, pPD1 e pAM373, que têm sido 
maioritariamente descritos em isolados de infeções humanas nosocomiais e codificando 
para a resistência a antibióticos [Tn1546_vanA, Tn1549_vanB2, Tn4001_aac6’-aph2’’, 
Tn916-like_tet(M)], e/ou caracteríticas de virulência (bacteriocinas e citolisinas). A 
produção de feromonas é restrita a E. faecalis, no entanto foi descrita em géneros de 
bactérias de Gram positivo com capacidade de produção de péptidos cAM373-like e com 
atividade específica para a feromona pAM373 (E. hirae, S. aureus e Streptococcus 
gordonii), o que promove a disseminação da resistência a antibióticos inter-espécies 
(Clewell et al., 1985, 2002; Vickerman et al., 2010). 
 Nos plasmídeos que respondem a feromonas as replicases não estão, necessariamente, 
relacionadas às relaxases correspondentes uma vez que pAD1 e pCF10 contêm 
proteínas de mobilização de diferentes famílias (Weaver et al., 2009; Jensen et al., 2010). 
A mobilização deste grupo de plasmídeos tem sido associada à transferência de 
resistência a antibióticos e marcadores de MLST, assim como genes que codificam para 
a cápsula, o que promove a diversidade cromossomal em E. faecalis (Manson et al., 
2010). 
Plamídeos derivados pRUM-like 
 Os plasmídeos pRUM-like (v.g., pRUM, pS177) são plasmídeos mosaico gerados por 
processos de recombinação entre transposões, ISs e pequenos plasmídeos. Possuem 
um sistema específico “PSK” designado de Axe-Txe que atua como um módulo de 
estabilidade segregacional numa larga diversidade de hospedeiros (Grady et al., 2003; 
Halvorsen et al., 2011). Os plasmídeos que contêm a RepA e Axe-Txe do pRUM estão 
disseminados em isolados de E. faecium de diferentes países, em sua maioria 
associados a linhagens clonais de origem hospitalar (Rosvoll et al., 2009). Isolados de 
Enterococcus spp. oriundos de humanos e frangos e portadores de genes de resistência 
à vancomicina, ou tetraciclina possuem, frequentemente, plasmídeos da família pRUM 
(Grady et al., 2003; Moritz et al., 2007; Sung et al., 2008; Jensen et al., 2010; Halvorsen 
et al., 2011). 
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Megaplasmídeos RepA_N 
 Os megaplasmídeos são frequentemente encontrados em isolados da espécie E. 
faecium de diferentes nichos ecológicos (Werner et al., 1999; Hasman et al., 2005; 
Biavasco et al., 2007; Rosvoll, 2009; Laverde Gomez et al., 2011; Zhang et al., 2011). O 
único megaplasmídeo sequenciado na totalidade é o pLG1 (~281Kb), que foi obtido de 
um isolado hospitalar de E. faecium resistente à vancomicina na Alemanha (Laverde 
Gomez et al., 2011). Contém um gene rep que codifica para uma proteína semelhante à 
proteína RepA-pAD1 e por isso foi incluído na família plasmídica RepA_N (Weaver et al., 
2009). A relaxase identificada no plasmídeo pLG1 faz parte da sub-família MOBP7 que, 
por sua vez, é encontrada noutros plasmídeos RepA_N (Garcillan-Barcia et al., 2009). 
Megaplasmídeos derivados do pLG1 têm sido descritos em isolados resistentes à 
vancomicina (tipo vanA) e gentamicina [aac(6')-Ie-aph(2″)-Ia] oriundos de pacientes 
hospitalizados de Portugal (Freitas et al., 2013) e da Noruega (Rosvoll et al., 2012), 
respetivamente. 
d) Plasmídeos da família pHTβ /pMG1
 Esta família compreende pasmídeos derivados dos pHT (pHTα, pHTβ, pHTγ) e pMG1 
que têm sido associados à disseminação da resistência aos glicopéptidos (Tn1546_vanA) 
e a elevados níveis de resistência aos aminoglicosídeos (elementos Tn4001-like) em 
isolados de E. faecium e E. avium nos Estados Unidos da América e Japão (Tomita & Ike 
et al., 2002, 2003; Tanimoto & Ike, 2008). O seu sistema de transferência faz parte da 
família MobP, sendo esta classificação baseada no oriT e nas sequências das relaxases 
(Tomita & Ike, 2005; Garcillan-Barcia et al., 2009). Até à data, este tipo de plasmídeos foi, 
exclusivamente, identificado em isolados de E. faecium oriundos de humanos (Coque et 
al., 2011; Freitas et al, 2013). 
e) Megaplasmídeos
 Os megaplasmídeos, enquanto componente do mobiloma bacteriano, têm sido cada vez 
mais reportados. Os plasmídeos de tamanho acima dos 150Kb, geralmente, associados a 
funções metabólicas, são, classicamente, definidos como megaplasmídeos (Maclellan et 
al., 2004). Estes tipos de plasmídeos são comuns entre Lactobacillus spp., 
Bifidobacterium spp. e Bacteroides spp., e conferem-lhes a capacidade de utilizar 
complexos de carboidratos (presentes nos vegetais da dieta), de glicoproteínas e 
glicoconjugados (sintetisados pelo hospedeiro), que podem contribuir para o aumento da 
sua adaptação e persistência no cólon (Schell et al., 2002; Li et al., 2007). Estes 
plasmídeos podem codificar genes envolvidos no metabolismo dos açúcares (manitol, 
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glicerol, sorbitol e rafinose), variando a expressão fenotípica dos microrganismos que os 
possuem (Teixeira et al., 1995; Zhang et al., 2011). Em estudos recentes demonstrou-se 
que megaplasmídeos, encontrados em E. faecium, codificam para a resistência a vários 
antibióticos (macrólidos, glicopéptidos, aminoglicosídeos), metais pesados (cobre) e 
virulência (genes hyl, pilA) (Arias et al., 2009; Freitas et al., 2010; Kim et al., 2010; Freitas 
et al., 2011a; Laverde Gomez et al., 2011). 
 A origem destes plasmídeos continua por determinar uma vez que a classificação 
baseada nas proteínas de replicação Rep foi designada com base nas sequências dos 
plasmídeos de tamanho pequeno/médio de familias conhecidas de bactérias de Gram 
positivo. A diversidade destes plasmídeos em E. faecium, E. durans e E. hirae tem sido 
pouco explorada (Coque et al., 2011) e não têm sido descritos em E. faecalis. 
1.6. BIOCIDAS 
1.6.1. Perspetiva histórica 
 Os biocidas são compostos valiosos que se traduzem em inúmeros benefícios para a 
sociedade devido ao controlo que exercem sobre o crescimento microbiano (bactericida, 
esporicida, fungicida, virucida, ou uma combinação destes mecanismos) (Russel, 2003; 
Cerf et al., 2010). Desde a Antiguidade que os biocidas (v.g., metais) são utilizados, 
empiricamente, devido às suas propriedades adstringentes, desinfetantes e conservantes 
(Alexander et al., 2009; Borkow & Gabbay, 2009). Nos últimos dois séculos, os óxidos de 
telúrio, magnésio e arsénio, sais de cobre e mercúrio foram, amplamente, utilizados na 
terapêutica da lepra, tuberculose, gonorreia e sífilis (Hodges, 1889; Keyes, 1920; Frazer 
& Edin, 1930). A utilização destes compostos, como fungicidas, também se estendeu à 
agricultura. Em 1880, Pierre-Marie-Alexis-Millardet criou a “Calda Bordalesa” (sulfato de 
cobre, óxido de cálcio e água como solvente), que, até aos dias de hoje, tem ampla 
utilização, na Europa e Estados Unidos, para prevenção de fitopatologias em vinhas, 
batata, ou tomate (Ayres, 2004). Em 1945, assiste-se à introdução das biguanidas (v.g., 
clorohexidina, alexidina e formas poliméricas), surfatantes anfotéricos, bifenóis (triclosan), 
aldeídos (glutaraldeído, succinaldeído-base, orto-fetaldeído), agentes libertadores de 
cloreto (isocianuratos), agentes libertadores de iodo (iodóforos), isotiazolonas e ácido 
paracético (Russel & Russel, 1995; Ortega et al., 2013). 
No entanto, após a introdução dos antibióticos na terapêutica e da sua utilização em 
massiva, verificou-se uma franca diminuição do uso de biocidas em medicina humana 
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(Lemire et al., 2013). Atualmente, o uso destes compostos tem sido recuperado, sendo, 
amplamente, aplicados em ambiente hospitalar para o controlo de infeções nosocomiais 
(v.g., como desinfetantes de dispositivos médicos e de superficies, e antisépticos 
utilizados nas mucosas e pele), na indústria alimentar (v.g., como conservantes e 
desinfetantes), na indústria farmacêutica (v.g., em cosmética, ou produtos de higiene 
pessoal), na comunidade (v.g., em produtos de limpeza, têxteis, preservantes de 
madeira), na agricultura (v.g., em herbicidas ou pesticidas) e na produção animal 
intensiva (v.g., como desinfetantes de superfícies, ou aditivos alimentares em rações) 
(Maillard, 2002; EFSA/ECDC/EMEA, 2009; SCENIHR, 2009). Devido ao impacto e 
importância que os biocidas têm no estilo de vida atual, existem diretrizes europeias que 
sugerem e estimulam, que a sua utilização seja prudente, de forma a prevenir a 
emergência de bactérias tolerantes, ou resistentes quer a estes compostos, quer aos 
antibióticos (para mais detalhes neste tópico ver seções abaixo) (SCENIHR, 2010).  
De acordo com o SCENIHR (2009) e o Regulamento da União Europeia 528/2012 (22 de 
Maio de 2012) os termos BIOCIDA e PRODUTO BIOCIDA são definidos, respetivamente, 
como: 
- Uma molécula química ativa, presente num produto biocida, com o objetivo de controlar 
o crescimento bacteriano, ou matar bactérias.
- Qualquer substância, ou mistura, consistindo em, contendo, ou originando uma, ou mais 
substâncias ativas, com o objetivo de destruir, deter, neutralizar, prevenir a ação de, ou 
controlar o efeito de qualquer organismo prejudicial, através de quaisquer outros meios 
que não meras ações físicas, ou mecânicas. 
 Na Diretiva 98/8/EC, constam 23 tipos de aplicação de produtos biocidas, que se 
encontram divididos em quatro grandes grupos: desinfetantes e biocidas de uso geral, 
preservantes, usados no controlo de pestes e outros biocidas. É de referir que os 
compostos presentes nas formulações de produtos biocidas podem ter atividade 
sinérgica, levando à potenciação do efeito das substâncias ativas presentes. É o caso de 
combinações de compostos de amónio quaternário com o ácido etilenodiaminotetracético 
(EDTA), ou biguanidas com álcoois (ECDC/EFSA/EMEA, 2009).   
 A toxidade de qualquer composto depende sempre da concentração utilizada. Alguns 
dos compostos que serão abordados nesta tese, como os de cobre, são aplicados com 
outros propósitos para além da sua atividade biocida (v.g., como aditivos alimentares em 
rações para promoção de crescimento animal) (70/524/EEC, 2004). Para facilitar a 
descrição da importância dos biocidas e não multiplicar terminologias, a palavra “biocida” 
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será empregue de uma forma genérica. 
 
 
1.6.2. Mecanismos de ação  
 
 Os biocidas podem ter atividade cida (v.g., bactericida), ou estática (v.g., bacteriostática) 
e atuar em mais do que um local alvo nos microrganismos (Tabela 1), embora muito 
ainda exista por compreender acerca dos seus mecanismos de ação (Russell and 
Chopra, 1990; Denyer, 1995; Maillard, 2002; Poole, 2005; Cerf et al., 2010). Estes 
compostos são classificados em vinte e duas categorias consoante os seus grupos 
funcionais. Existem moléculas pertencentes ao grupo dos fenóis, compostos de amónio 
quaternário, álcoois, biguanidas, metais, entre outros. No entanto, se nos basearmos no 
alvo de atuação, os biocidas podem ser classificados em três grandes grupos, os que 
interagem: i) com componentes celulares externos; ii) com a membrana citoplasmática, 
ou iii) com constituintes citoplasmáticos (Russel, 2003; Gnanadhas et al., 2012; Ortega et 
al., 2013). 
 
 
Tabela 1. Local de ação de diferentes grupos de biocidas (adaptado de Gnanadhas et al., 2012).  
  
 
 
 Alguns dos compostos biocidas são, altamente, reativos (aldeídos, cloretos, compostos 
libertadores de oxigénio), ligando-se covalentemente a proteínas e peptidogligano 
Biocidas Local de Acção Referências
 Membranar
 Proteíca 
Ácidos nucleícos
Parede celular
 Membranar
 Proteíca 
Ácidos nucleícos
 Membranar
 Proteíca 
Parede celular
 Membranar
 Proteíca 
 Proteíca 
Ácidos nucleícos
Parede celular
 Proteíca 
Ácidos nucleícos
QACs, terpenos, anilidas, parabenos e Russel et al., 1996; McDonnell et al., 1999;
surfactantes aniónicos  Suller et al., 1999; Russel, 2003.
Corantes, acrilidinas, diamidinas e Russel et al., 1996; Suller et al., 1999
compostos halogenados Boykin et al., 2002
Alcoóis
Fenóis
Aldeídos e derivados de metais pesados
Biguanidas, ácidos, peróxidos
Feniléteres, isotiazóis
Russel et al., 1996;  Suller et al., 1999; Russel, 2003.
Russel et al., 1996;  Suller et al., 1999; Russel, 2003
Russel et al., 1996;  Suller et al., 1999; Russel, 2003
Russel et al., 1996; Moken et al., 1997;  Suller et al., 1999; Russel, 2003.
Russel et al., 1996;  Suller et al., 1999; Russel, 2003
Russel et al., 1996;  Suller et al., 1999; Russel, 2003
Moken et al., 1997
Ácidos nucleícos
Membranar
Libertadores de cloreto Parede Celular
Composto de cloreto
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presentes na parede celular bacteriana. Exercem a sua atividade bactericida, 
provavelmente através da oxidação de grupos tiol, ou outros grupos químicos (Maillard, 
2002; Lambert, 2004). Biocidas com atividade anti-membranar, como os compostos de 
amónio quaternário, causam a disrupção física da membrana celular, levando à lise e 
solubilização do conteúdo microbiano. Outros agentes como os álcoois e a clorohexidina, 
quando usados em concentrações bactericidas, provocam a desnaturação de proteínas. 
As biguanidas desestabilizam os catiões divalentes, que estão associados à parece 
celular, provocando a disrupção dos lipopolissacarídeos, o que permite a sua entrada na 
célula (Lambert, 2004; Gilbert & McBain, 2003). 
Os metais são um grupo particular porque podem ter não só uma atividade biocida como 
também uma atividade fisiológica em processos vitais para as células, nomeadamente 
atuando como co-fatores enzimáticos, ou intervindo na manutenção da estrutura da 
membrana celular e DNA (Waldron & Robinson, 2009; Hood & Skaar, 2012). Por 
exemplo, aproximadamente metade de todas as proteínas conhecidas são dependentes 
de um, ou mais metais para a manutenção da sua estrutura e participação nos processos 
celulares, como é o caso de processos de transferência de eletrões e catálise (Andreini et 
al., 2008; Waldron & Robinson, 2009). Os metais essenciais ao funcionamento dos 
sistemas biológicos nunca se encontram em estado livre dentro da célula. Uma cadeia 
complexa de transportadores, sensores, metaloreguladores e metalochaperonas 
restringem a sua especiação e transportam os metais para enzimas específicas, 
proteínas estruturais e de armazenamento (Finney & O'Halloran, 2003). No entanto, 
quando concentrações excessivas destes metais essenciais são atingidas, eles podem 
ser letais para as células. Por exemplo, cobre (Cu) ou zinco (Zn), que participam em 
funções fisiológicas, podem ser tóxicos devido à formação de radicais livres, que podem 
interagir com vários componentes das células quando estas não conseguem compensar 
estas concentrações elevadas (Porcheron et al., 2013). Outros, como a prata (Ag), 
mercúrio (Hg) e telúrio (Te), sem qualquer função fisiológica na célula, são extremamente 
nocivos para a grande maioria das bactérias, tendo atividade bactericida mesmo em 
concentrações muito baixas (Nies, 1999; Harrison et al., 2004).  
 São inúmeras as propriedades químicas, que medeiam a reatividade dos metais com as 
células e, que podem estar relacionadas com a sua toxicidade para as bactérias (Lemire 
et al., 2013). A interação dos metais com biomoléculas está relacionada com a formação 
de espécies reativas de oxigénio e depleção de anti-oxidantes [ex: Cr(VI), As(III), Te(IV), 
Fe(II), Cu(II)], com fenómenos associados a disfunção proteica e inibição enzimática 
[Cr(VI)], comprometimento da função membranar [ex: Cu(II), Ag(I), Al], interferência com 
a assimilação de nutrientes [ex: Cr(VI), Ga(III)] e genotoxicidade [ex: Mn(II), Cr(VI), Co(II)] 
(Figura 4). 
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Figura 4. Esquematização dos mecanismos de toxicidade dos metais. a) Disfunção proteica, por exemplo 
com perda da sua atividade catalítica; b) Produção de espécies reativas de oxigénio e depleção de anti-
oxidantes, que podem levar à degradação de DNA; c) Comprometimento da função membranar, alterando a 
sua integridade; d) Interferência com a assimilação de nutrientes; e) Genotoxicidade. Setas ininterruptas 
representam eventos bioquímicos conhecidos. Setas descontínuas representam mecanismos de toxicidade 
desconhecidos;  ALAD – ácido δ-aminolevulínico dehidratase; FbaA - frutose-1,6-bifosfato aldoase; NQR, 
NADH - quinona oxidoredutase; PDF - péptido deformilase; PvdS - fator σ presente em Pseudomonas 
aeruginosa. Para mais detalhe sobre estes mecanimos consultar Lemire et al., 2013 (Figura retirada e 
traduzida de Lemire et al., 2013; reprodução com permissão da Nature Publishing Group -Anexo I)
Fe(II) ou Fe(III) 
Dano membranar 
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1.6.3. Tolerância bacteriana aos biocidas e sua relação com a resistência a 
antibióticos 
 De forma semelhante aos antibióticos, o termo “resistência” tem sido largamente 
utilizado para os biocidas. A resistência aos antibióticos é medida em concentrações 
inibitórias do crescimento, podendo estes ser utilizados como agentes terapêuticos 
quando a bactéria é suscetível a um antibiótico bacteriostático ou bactericida. No entanto, 
os biocidas têm a intenção de inibir a viabilidade de populações bacterianas, 
questionando-se, assim, se o termo “resistência” se aplica nas mesmas condições. 
Quando o tópico é biocidas, os termos “resistência” e “tolerância” têm sido usados, 
frequentemente, como sinónimos mas, recentemente, propôs-se que fossem aplicados 
em contextos distintos (Cerf et al., 2010): 
-Resistência - recomenda-se a sua aplicação quando o fenómeno que está ser estudado 
é a morte microbiana; 
-Tolerância - recomenda-se a sua aplicação quando o fenómeno que está a ser estudado 
são adaptações microbianas a concentrações inibitórias de biocidas. 
Nesta tese, será adotada a palavra “tolerância” a partir deste ponto. 
 A resposta bacteriana aos biocidas é fundamentalmente determinada pela natureza do 
agente químico e o tipo de microrganismo envolvido. Outros fatores como a temperatura 
e tempo de contacto, pH ambiental e a presença de matéria orgânica podem exercer um 
efeito considerável na atividade do agente antibacteriano (Russel & Russel, 1995). 
Também o facto de os microrganismos se encontrarem em biofilmes, ou não, pode 
determinar a eficácia do biocida (Ortega et al., 2013).  
 Tal como para os antibióticos, os microrganismos podem possuir uma tolerância 
intrínseca, ou adquirida aos biocidas, esta última associada ao aparecimento de 
mutações em genes pré-existentes, ou aquisição de novos genes. Dentro das bactérias, 
as micobactérias são apontadas como as menos susceptíveis, seguidas do grupo das 
bactérias de Gram negativo e por fim das de Gram positivo (Brown & Gilbert, 1993).  
 Os mecanismos de tolerância podem ser diversos e estão, diretamente, relacionados 
com a diminuição da concentração intracelular de biocida (EFSA, ECDC, EMEA., 2009; 
SCENIHR, 2009). Incluem i) alteração da permeabilidade; ii) presença de bombas de 
efluxo; iii) alteração/degradação enzimática; iv) destoxificação, ou v) alteração do local 
alvo (Maillard, 2005; Stickler et al., 2004; SCENIHR, 2009). Alguns exemplos destes 
mecanismos de tolerância são sumariados no parágrafo seguinte. 
 A suscetibilidade de bactérias de Gram positivo e de Gram negativo pode variar devido 
às especificidades da sua parede celular. Por  exemplo, já foi demonstrado que bactérias 
de Gram negativo são menos susceptíveis a alguns biocidas (v.g., compostos de amónio 
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quaternário) devido à presença da membrana externa e dos canais de porina, que 
impedem a difusão dos biocidas para o interior da célula (Gnanadhas et al., 2012). A 
presença de bombas de efluxo é verificada quer em bactérias de Gram negativo, quer de 
Gram positivo. Os genes qacA e qacJ são responsáveis pela diminuição de 
susceptibilidade a compostos de amónio quaternário e biguanidas em Staphylococcus 
haemolyticus (Ye et al., 2012; Correa et al., 2008). A bomba de efluxo codificada pelo 
gene acrAB em Escherichia coli é responsável pela expulsão de compostos como 
brometo de etídio, acriflavina, SDS, entre outros (Gnanadhas et al., 2012). Outros 
mecanismos são descritos em Pseudomonas spp., que têm a capacidade de degradar 
compostos como os de amónio quaternário através de processo de N-desalquilação 
(Nishihara et al., 2000). Na alteração dos estados de oxidação do cobre, por exemplo 
através de enzimas multicopper oxidases estão envolvidos iões de cobre menos tóxicos 
para a célula, por exemplo em E. coli, ou Staphylococcus aureus (Singh et al., 2004; 
Sitthisak et al., 2005). 
 Alguns destes mecanismos de tolerância aos biocidas são comuns aos antibióticos, 
existindo assim fenómenos de resistência cruzada. Por exemplo, a bomba de efluxo 
codificada por acrAB em E. coli para além de expulsar os compostos mencionados, 
anteriormente, também confere resistência à tetraciclina, ciprofloxacina e β-lactâmicos 
(Ma et al., 1994). A sobreexpressão da bomba de efluxo codificada pelo genes norA, 
norB ou norC de S. aureus contribuem para a resistência a quinolonas (Truong-Bolduc et 
al., 2006). Também podem ocorrer fenómenos de co-seleção, em que genes que 
codificam para a tolerância a biocidas e resistência a antibióticos se encontrem nos 
mesmos elementos genéticos (v.g., plasmídeos, integrões e transposões) e sejam 
adquiridos em simultâneo, quando os microrganismos estão sujeitos a distintas pressões 
seletivas, quer associadas a biocidas quer a antibióticos (McIntosh et al., 2008; Soge et 
al., 2008; SCENIHR, 2009). Por exemplo, foi descrito em isolados clínicos e de alimentos 
de Staphylococcus spp., plasmídeos portadores de genes qac (codificam para tolerância 
a compostos de amónio quaternário) e genes de resistência a antibióticos (blaZ, β-
lactâmicos; aacA-aphD, aminoglicosídeos; dfrA, trimetoprim) (Sidhu et al., 2001, 2002). 
Adicionalmente, foi identificado em Aeromonas salmonicida subsp. salmonicida, isolada 
de salmão de aquaculturas, um plasmídeo tipo IncA/C, que incluía genes associados à 
tolerância ao mercúrio e, que codificavam para a resistência a antibióticos como 
aminoglicosídeos, sulfamidas, cloranfenicol, tetraciclinas e β-lactâmicos (aadA7, sulI, 
sulII, floR, tetA, tetR, strA, strB, and blaCMY−2) (McIntosh et al., 2008). 
 Várias bactérias de Gram negativo possuem integrões de classe 1 com diversos genes 
de resistência a antibióticos assim como os genes qac (Sandvang et al., 1998; Gaze et 
al., 2005; Buffet-Bataillon et al., 2012). O elevado consumo de biocidas que se verifica, 
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atualmente, em diferentes setores (produção animal, ambiente clínico, vida quotidiana) 
tem conduzido a uma preocupação emergente de diferentes entidades (Comissão 
Europeia, EFSA, EMEA, ECDC) (SCENIHR, 2009), associada quer à perda da atividade 
destes compostos importantes para o controlo do crescimento dos microganismos (v.g., 
desinfeção, antisepsia, conservação), quer ao seu possível impacto na seleção de 
bactérias resistentes a antibióticos (SCENIHR, 2009). Esta precupação veio 
acompanhada de uma análise do conhecimento disponível e de lacunas científicas, que 
necessitam de ser preenchidas para controlar atempadamente a emergência e extensa 
disseminação de microrganismos tolerantes a biocidas e resistentes a antibióticos. Assim, 
tem-se apelado ao desenvolvimento de estudos em tópicos relacionados com a avaliação 
de risco (quantificação da exposição a biocidas, disseminação de genes de tolerância, 
mudanças nas populações bacterianas após exposição a biocidas), com o 
desenvolvimento de protocolos estandardizados para avaliação da susceptibilidade a 
biocidas, com o desenvolvimento de programas de vigilância, ou com a avaliação do 
impacto microbiano associado à supressão de várias substâncias ativas pela recente 
legislação Europeia (n°1451/2007; 4 Decembro 20072008/809/CE –14 Outubro 2008). 
1.6.4. Cobre, mercúrio e compostos de amónio quaternário 
Nesta seção serão abordados em maior detalhe os biocidas que foram alvo de estudo 
desta tese. 
1.6.4.1. Metais pesados: cobre e mercúrio 
Os metais pesados incluem, entre outros, o cobre, mercúrio, arsénio, cádmio, chumbo e o 
zinco (Silver, 1996). Têm uma distribuição ubíqua na natureza e não são sujeitos a 
degradação, podendo por isso permanecer no ambiente durante longos períodos de 
tempo e exercer uma ação seletiva contínua das bactérias, que a eles são tolerantes 
(Bruins et al., 2000).  
1.6.4.1.1. Cobre 
O cobre é um elemento de transição, classificado no grupo IB da tabela periódica, que 
apresenta quatro estados de oxidação: cobre metálico (Cu0), ião cuproso (Cu+), ião 
cúprico (Cu2+) e ião trivalente (Cu3+) (Linder & Hazegh-Azam,1996). Tem uma distribuição 
ubiquitária na natureza e abunda na crosta terrestre em concentrações na ordem dos 
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68ppm, ocorrendo nas formas de sulfito, óxido ou carbonato (Tylecote, 1992). Na 
natureza é, frequentemente, encontrado na forma metálica, enquanto que nos sistemas 
biológicos o estado de oxidação predominante é o Cu2+, resultado da oxidação do muito 
instável ião Cu+ (Linder & Hazegh-Azam,1996). 
 O cobre é um oligoelemento essencial para os seres vivos, desempenhando um papel 
fundamental em vários processos celulares. As inúmeras funções biológicas em que 
participa fazem com que seja, amplamente, utilizado como aditivo alimentar em rações 
usadas na produção animal intensiva (Diretiva 70/524/CEE, 2004; EFSA, 2012b). Tem 
influência no crescimento fetal e desenvolvimento pós-natal, na síntese de hemoglobina, 
maturação do tecido conectivo (especialmente do sistema cardiovascular e ossos), na 
função do sistema nervoso e em processos inflamatórios 
(http://ec.europa.eu/foof/fs/sc/scan/out115_en.pdf). Estes benefícios estão relacionados 
com a participação do cobre em diferentes processos metabólicos, sendo por exemplo 
um componente crítico de proteínas. Os diferentes estados de oxidação do cobre (Cu+, 
Cu2+) fornecem um ambiente químico enriquecido para diversos ligandos biológicos (v.g., 
enzimas), parceiros em muitos papéis estruturais e catalíticos (Samanovic et al., 2012). A 
deficiência em cobre pode originar nos animais fraturas espontâneas, perturbações 
cardíacas e vasculares, diminuição da produção de ovos, entre outros sintomas 
(http://ec.europa.eu/foof/fs/sc/scan/out115_en.pdf). Também intervêm em processos 
biológicos de células procariotas, tendo a análise de 450 genomas bacterianos mostrado 
que 72% destes possuem genes, que codificam para pelo menos uma proteína 
dependente de cobre (Ridge et al., 2008). Exemplos de enzimas e proteínas dos 
sistemas biológicos (eucariotas, ou procariotas) com os quais o cobre está envolvido são 
citocromo C, metano monooxidases e superóxido dismutases, ou relacionadas com o 
transporte de iões. Por exemplo, a ceruloplasmina (ferroxidase I) é uma proteína 
associada ao transporte de cobre e necessária para a incorporação de ferro na 
transferrina levando-o para o citoplasma (Linder & Hazegh-Azam,1996). 
 Apesar do seu papel vital em muitos processos celulares, concentrações excessivas de 
cobre são tóxicas, quer para células eucariotas, quer para células procariotas (Odermatt 
& Solioz 1995; Linder & Hazegh-Azam, 1996; Rademacher & Masepohl, 2012; 
Samanovic et al., 2012). Vários mecanismos associados à toxicidade do cobre têm sido 
descritos, nomeadamente a sua capacidade de aceitar e doar eletrões, alterando o seu 
estado redox entre Cu+/Cu2+. Em condições anaeróbias, esta propriedade redox origina a 
produção de radicais livres, através das reações de Haber-Weiss e Fenton (Halliweell & 
Gutteridge 1984; Karlin, 1993; Yoshida et al., 1993; Solioz & Stoyanov, 2003; Magnani & 
Solioz, 2007), podendo causar danos em lípidos, proteínas e ácidos nucleicos (Yoshida 
et al., 1993; Hodgkinson & Petris, 2012). Alterações na estrutura proteica devido a 
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interações do cobre com cadeias polipetídicas, associadas à exclusão de co-fatores 
metálicos nativos dos seus ligandos, podem também ocorrer (v.g., alterações de clusters 
de proteína ferro-enxofre, devido a este último ter maior propensão para se ligar ao Cu(I)) 
(Hodgkinson & Petris, 2012). 
 As propriedades antimicrobianas do cobre têm sido aproveitadas para a sua ampla 
utilização em produtos biocidas (v.g., em desinfetantes, preservantes de madeira, 
fungicidas, algicidas e conservantes) (EFSA/ECDC/EMEA, 2009; SCENIHR, 2009). 
Diversos estudos também têm sugerido a utilização de ligas de cobre em superfícies de 
unidades hospitalares, ou da indústria alimentar para controlar o crescimento bacteriano 
e transmissão horizontal de genes, nomeadamente em Enterococcus spp. resistentes aos 
glicopéptidos (Warnes et al., 2010; Warnes et al., 2011; Warnes et al., 2012; Zhu e tal., 
2012). 
 Os  microrganismos têm desenvolvido diversos sistemas regulatórios de homeostase de 
modo a manter o cobre intracelular dentro de concentrações fisiológicas, evitando, desta 
forma, a sua toxicidade (Kim et al., 2008).  Entre estes sistemas de regulação encontram-
se bombas de efluxo, chaperonas para a via intracelular, oxidases e redutases, que 
permitem alterar os estados de oxidação, e reguladores que controlam a expressão de 
diferentes genes (Magnani & Solioz, 2007). Podem dar-se os exemplos de sistemas de 
homeostase mediados por ATPases transportadoras de cobre, sistemas de bombas de 
efluxo pertencentes à família RND (resistance-nodulation-cell division), ou sistemas de 
destoxificação através de multicopper oxidases (MCO), que conferem tolerância a 
concentrações baixas de cobre (Rademacher & Masepohl, 2012).  
 As copper-ATPases, como por exemplo CopA e CopB, pertencem ao subgrupo da 
superfamília das P-type ATPases e são designadas de ATPases de metais pesados, ou 
CPx-type ATPases (Lutsenko & Kaplan, 1995; Solioz & Vulpe, 1996). Estas enzimas 
encontram-se disseminadas na natureza, tendo como função catalizar o transporte de 
metais de transição e pesados para as células (Cu+; Ag+; Co2+; Zn2+; Hg2+ e Pb2+) 
(Axelsen & Palmgren, 1998).  Além dos mecanismos de transporte do cobre são ainda de 
referir os de regulação que são do tipo CopY, CsoR, CutC e CueR (Stoyanov et al., 2001; 
Latorre et al., 2011; Solioz et al., 2011). O tipo CopY é o principal regulador de 
transcrição que responde ao cobre nas bactérias ácido-lácticas (LAB), encontrando-se 
associado, por exemplo, à regulação dos genes do operão Cop em E. hirae (Strausak & 
Solioz, 1997), E. faecium (Hasman et al., 2006), Lactoccocus lactis IL1403 (Magnani et 
al., 2008), Streptoccocus mutans (Vats & Lee, 2001; Portmann et al., 2006) e 
Streptococcus gordonii (Mitrakul et al., 2004). O regulador da família de proteínas Cut é 
crucial para o controlo da homeostasia do cobre, havendo evidências científicas de que a 
expressão do gene cutC depende de diferentes concentrações de cobre, podendo estar 
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envolvido direta, ou indiretamente, na proteção da célula contra concentrações 
superiores às fisiologicamente suportadas (Latorre et al., 2011). 
 O regulador CsoR-Type encontra-se mais disseminado nos procariotas que o CopY-type 
(Solioz et al., 2011). No entanto, embora as descrições em espécies LAB sejam poucas, 
foi identificado em Bacillus subtilis (Solioz et al., 2011). Outro regulador de transcrição é o 
CueR, encontrando-se descrito em apenas algumas espécies de Bacillales, que não 
incluiem LAB, sendo comum em bactérias de Gram negativo (Solioz et al., 2011). CueO é 
uma enzima periplasmática que cataliza a oxidação do ião cuproso a ião cúprico, 
protegendo a célula ao evitar formas reduzidas do metal, não permitindo a ocorrência da 
reação de Fenton, que levaria à formação de radicais livres (Grass et al., 2004; Singh et 
al., 2011). 
 Um dos mecanismos de controlo da homeostase do cobre mais conhecido e estudado é 
codificado pelo operão copYAZB de localização cromossomal em E. hirae e, que confere 
tolerância a concentrações moderadas de cobre (8mM) (Solioz & Stoyanov, 2003). O 
operão Cop é constituído por duas ATPases, CopA e CopB, com função de transporte do 
cobre intra e extracelularmente. A proteína CopA recruta o cobre para o interior da célula, 
mas quando são atingidas concentrações superiores às fisiológicas, CopB expulsa-o. A 
proteína CopY é um repressor de resposta à presença de cobre, enquanto que CopZ 
codifica para uma chaperona que catalisa a expulsão de cobre (Odermatt & Solioz, 1995; 
Solioz & Stoyanov, 2003; Solioz et al., 2010) (Figura 5). O operão Cop pode também ser 
ativado pela presença de Cd+ ou Ag+ (5mM) (Ordermatt & Solioz, 1995).  
 Em E. faecalis  foi identificado um gene regulador da homeostasia do cobre, pertencente 
à família de proteínas Cut, o gene efcutC. Verificou-se que perante concentrações 
elevadas de cobre e na ausência deste gene, os níveis intracelulares de cobre 
aumentavam, sugerindo que efcutC esteja implicado nos mecanismos de homeostasia 
deste metal (Latorre et al., 2011). Recentemente, foi também descrito, para esta espécie, 
que a regulação das concentrações intracelulares de cobre envolve vários módulos de 
genes, que podem ser ativados por diferentes concentrações deste metal. A eliminação 
de um dos módulos de homestasia e a reconfiguração da expressão genética mostrou 
que a regulação da homeostasia do cobre nesta espécie parece estar associada a um 
sistema complexo (Latorre et al., 2014). 
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Figura 5. Mecanismo de homeostase do cobre em Enterococcus hirae. A - O cobre entra na célula via CopA, 
ou por um mecanismo não específico. B - Excesso de cobre citoplasmático liga-se a CopZ, que pode, 
posteriormente, fornecer Cu+ a CopB para a sua expulsão da célula e a CopY, repressor do funcionamento 
do operão. C - Em concentrações baixas de cobre, dois dímeros de CopY são formados. Quando CopZ doa 
Cu+ a CopY, um Zn2+ por cada monómero de CopY é substituído por dois Cu+, com a, posterior, libertação de 
CopY do promotor e indução da transcrição dos genes do operão a jusante. (Figura retirada de Solioz et al., 
2010; Reprodução com permissão da Journal of Biological Inorganic Chemistry - Anexo1).  
 
 
 Um sistema de tolerância a concentrações elevadas de cobre (CMI>8mM) foi descrito 
por Hasman et al. (2005). Identificaram o operão tcrYAZB em E. faecium, sendo a 
funcionalidade de cada um dos genes semelhante a copYAZB de E. hirae. O operão 
tcrYAZB estava flanqueado por duas IS (IS1216 e tipo ISS1) e localizado em plasmídeos 
conjugativos (175-194Kb), sendo considerado o primeiro sistema de tolerância adquirida 
ao cobre em Enterococcus spp. (Hasman & Aarestrup, 2002; Amachawadi et al., 2011; 
Amachawadi et al., 2013). Este plasmídeo também era portador de genes que 
codificavam para a resistência a macrólidos [erm(B)] e glicopéptidos (vanA).  
 A pesquisa deste operão tem sido feita através do gene tcrB (“transferable copper 
resistance gene B”; codifica para uma ATPase do tipo CPx), mas apenas em isolados de 
algumas regiões geográficas e recuperados fundamentalmente do nicho animal, 
nomeadamente de suínos, que consumiam cobre como aditivo alimentar (Aarestrup et al., 
2002; Hasman & Aarestrup, 2002; Amachawadi et al., 2010; Kim et al., 2012). Só, 
ocasionalmente, se fez a pesquisa deste gene em outros nichos ecológicos (outros tipos 
de animais como aves, cabras, bovinos, ou humanos) (Hasman & Aarestrup, 2002; Kim 
et al., 2012). A limitação de dados acerca da ecologia e estrutura populacional de 
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Enterococcus spp., que albergam o operão tcrYAZB, impede conclusões robustas acerca 
do seu impacto na sobrevivência deste género a concentrações elevadas de cobre e na 
seleção de plasmídeos portadores de genes de resistência a antibióticos. 
 Outro mecanismo de tolerância ao cobre, uma multicopper-oxidase (cueO), foi 
identificado em um isolado de E. faecium desconhecendo-se, no entanto, a sua 
prevalência e distribuição em Enterococcus spp. (van Schaik & Willems, 2010).  
 A identificação de genes associados à tolerância ao cobre, juntamente com genes que 
conferem resistência a antibióticos em Enterococcus spp., tem constituído uma 
preocupação para a Comissão Europeia, no sentido de tentar compreender o impacto 
deste aditivo alimentar usado em rações, na seleção e manutenção de bactérias 
resistentes aos antibióticos no ambiente de produção animal (SCENIHR, 2009;  EFSA, 
2012b). 
1.6.4.1.2. Mercúrio 
 O mercúrio é o sexto elemento mais tóxico num universo de 6 milhões de subtâncias e 
existe, naturalmente, no ambiente em pequenas concentrações, devido à libertação de 
gases a partir da crosta terrestre (v.g., erupções vulcânicas, tremores de terra). Os seus 
níveis na biosfera (ar, água e solo) têm vindo a aumentar através de diversas atividades 
antropogénicas (v.g., uso de catalisadores na indústria, uso de pesticidas, queima de 
carvão e produtos pretolíferos), em alguns casos em milhares de vezes 
comparativamente aos níveis naturais (Nascimento & Chartone-Souza, 2003; Magos & 
Clarkson, 2006; Skurnik et al., 2010; Mathema et al., 2011; EFSA, 2012c). A distribuição 
ubíqua deste metal na natureza expõe seres humanos, animais, plantas e seus 
microrganismos por diferentes vias, nomeadamente através da cadeia alimentar 
(Mathema et al., 2011; EFSA, 2012c). 
 A afinidade do mercúrio para moléculas orgânicas leva, geralmente, à formação de 
complexos organomercuriais, que são de elevada toxicidade. Os iões de mercúrio 
associam-se, fundamentalmente, aos grupos sulfidrilo de resíduos de cisteína de enzimas 
e proteínas essenciais, tornando-as  inativas e bloqueando as suas funções celulares 
vitais (Mathema et al., 2011). Vários microrganismos desenvolveram mecanismos para 
combater esta toxicidade de forma a sobreviverem em ambientes onde a concentração 
deste metal poderia ser tóxica (Nascimento & Chartone-Souza, 2003; Mathema et al., 
2011). O mecanismo de tolerância bacteriano mais comum é a redução enzimática de 
Hg2+ à forma volátil Hg0. Esta biotransformação é mediada por uma flavina, a mercúrio 
redutase (MerA) codificada pelo gene merA, através de uma reação dependente do 
NADPH (Liebert et al., 1997; Bogdanova et al., 1998). Estes genes merA estão 
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integrados em operões, com diferentes organizações genéticas, que são encontrados 
quer em bactérias de Gram negativo, quer de Gram positivo (Mindlin & Petrova, 2013). 
Nestes operões estão envolvidos vários genes, que incluem merD para deteção, 
merP/merT/merC para transporte e merA/merB para destoxificação enzimática (Mindlin & 
Petrova, 2013). Os genes do operão mer encontram-se sob regulação de merR, ativado 
após exposição a Hg2+. Existem dois grupos de operões, um que confere tolerância, 
unicamente, aos sais inorgânicos de mercúrio (espectro reduzido) e outro que confere 
tolerância a estes e compostos organomercuriais (espectro alargado) (Osborn et al., 
1997; Nascimento & Chartone-Souza, 2003; Mathema et al., 2011). Este último grupo 
está presente quando o operão mer, para além do gene merA, inclui um segundo gene 
(merB, ou mais raramente merG), que codifica para a enzima mercúrio liase, conferindo-
lhe tolerância ao mercúrio orgânico (Mathema et al, 2011; Mindlin & Petrova, 2013). 
Variações estruturais, de organização e número de genes dentro do operão mer têm sido 
descritas em diferentes bactérias, demonstrando a sua natureza mosaico (Liebert et al, 
1997; Osborn et al., 1997; Møller et al., 2013).  
 Os genes mer podem estar localizados em plasmídeos, ou no cromossoma, e têm sido 
identificados em transposões de bactérias de Gram negativo e de Gram positivo 
(Bogdanova et al., 1998; Nascimento & Chartone-Souza., 2003; Mathema et al., 2011). A 
transferência horizontal parece contribuir para a disseminação e evolução genética dos 
operões mer (Osborn et al., 1997; Mindlin et al., 2002), havendo descrições da partilha 
das mesmas estruturas genéticas por bactérias de géneros diferentes e bactérias do 
mesmo género, que transportam diferentes variantes (Bogdanova et al., 1998; Mindlin et 
al., 2002; Stapleton et al., 2004). Adicionalmente, a co-transferência de operões mer e de 
resistência a antibióticos tem sido detetada quer na natureza, quer em condições 
experimentais (Mathema et al., 2011). Estudos em diferentes bactérias, demostraram que 
ambientes enriquecidos em mercúrio favorecem a seleção de isolados resistentes a 
antibióticos (Summers et al., 1993; Skurnik et al., 2010). 
 A prevalência de genes merA, ou operões mer, em Enterococcus spp. tem sido objeto de 
escassos estudos (Ojo et al., 2004; Davies et al., 2005; Soge et al., 2008), tendo sido 
descritos em isolados oriundos de primatas, de pacientes, ou amostras orais de origem 
humana (Zscheck & Murray 1990; Davies et al., 2005; Soge et al., 2008), apresentando 
estes isolados uma CMI a HgCl2 de 9-16µg/ml, contrastando com 2µg/ml obtido nos 
isolados sem genes mer (Zscheck & Murray 1990; Davies et al., 2005). 
 A associação de genes de tolerância ao mercúrio e resistência aos antibióticos foi 
descrita apenas, ocasionalmente, nestas bactérias. Por exemplo, Davies et al. (2005) 
identificou um operão mer num plasmídeo conjugativo juntamente com aadK (resistência 
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à estreptomicina), Rice & Carias (1998b) no transposão Tn5385, portador de genes que 
codificam para a resistência ao β-lactâmicos, aminoglicosídeos, macrólidos e tetraciclinas 
e Soge et al. (2008) no Tn6009 (Tn916+operão mer) que codifica para a resistência à 
tetraciclina. 
1.6.4.1.3. Compostos de amónio quaternário 
 Os compostos de amónio quaternário (QACs) são biocidas com ampla utilização em 
vários setores e vida quotidiana (v.g., produtos de uso doméstico, indústria, agricultura, 
hospital, atividade desinfetante e conservante) (Fraise, 2002; Hegstad et al., 2010; Buffet-
Bataillon et al., 2012). O QAC mais, amplamente, utilizado é o cloreto de benzalcónio, 
mas outros são utililizados com o mesmo propósito como o cloretos de estearalcónio, 
isotiazol-benzalcónio, cetilpiridínio, cloreto ou brometo de cetrimónio e cloreto de 
didecildimetilamónio (DDAC) (Hegstad et al., 2010; Buffet-Bataillon et al., 2012). 
 Após a aplicação/uso dos QACs estes não sofrem qualquer metabolização, mantendo 
assim as suas propriedades biocidas quando libertados para o ambiente (Hegstad et al., 
2010; Tezel & Pavlostathis, 2011).  
  Os QACs são compostos orgânicos que se caracterizam por serem constituídos por 
quatro grupos funcionais (alquilo, metilo, benzilo ou éster) ligados, covalentemente, a um 
átomo de azoto (R4-N+). São classificados em cinco grupos mediante estes grupos 
funcionais: i) monoalcónio; ii) dialcónio; iii) benzalcónio; iv) diésteralcónio e v) piridalcónio 
(halogenetos) (Hegstad et al., 2010; Tezel & Pavlostathis, 2011; Buffet-Bataillon et al., 
2012). O seu peso molecular varia entre 250-400g/mol. Estes compostos são constituídos 
por duas porções distintas, uma hidrofóbica (v.g., grupo alquilo) e outra hidrofílica (N+), o 
que lhes permite manter as suas propriedades catiónicas numa escala variável de pH 
(Tezel & Pavlostathis, 2011; Al-Adham et al., 2013). No entanto, para que os QACs 
tenham atividade antimicrobiana, pelo menos um dos grupos funcionais deve conter uma 
cadeia longa de oito a dezoito carbonos (C8-C18) (Hegstad et al., 2010; Al-Adham et al., 
2013). QACs constituídos por 12-14C atuam melhor em bactérias de Gram positivo e 
aqueles com 14-16C em bactérias de Gram negativo. São capazes de eliminar 99% dos 
microrganismos desde que sejam utilizados em concentrações adequadas (Tezel & 
Pavlostathis, 2011). Compostos com menos de 4C, ou mais de 18C são, praticamente, 
inativos (Hegstad et al., 2010).  
Os QACs atuam nas bactérias interagindo com a membrana citoplasmática, 
nomeadamente ao nível da bicamada lipídica, levando à sua disrupção e libertação do 
conteúdo celular.  No caso das bactérias de Gram negativo esta interação dá-se ao nível 
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da membrana externa. Isto acontece devido às interações iónicas entre o seu átomo de 
azoto (carga positiva) e fosfolípidos (carga negativa) presentes na membrana celular, o 
que permite a integração da sua cauda hidrofóbica no core hidrofóbico da membrana 
celular. Estas interações diminuem a fluidez da membrana, o que leva à perda de 
osmoregularidade e função fisiológica, conduzindo à lise celular (Gilbert & Moore 2005; 
Sheldon, 2005; Hegstad et al., 2010; Maillard, 2002; Buffet-Bataillon et al. 2012). Em 
elevadas concentrações, os QACs solubilizam componentes da membrana celular pela 
formação de micelas (Hegstad et al., 2010). A toxicidade, biodisponibilidade e 
biodegradabilidade dos QACs pode ser diminuída na presença de matéria orgânica, 
biofilmes e sais minerais, ou ser potenciada pelo aumento da temperatura e tempo de 
exposição, ou agentes quelantes como o EDTA (Hegstad et al., 2010; Tezel & 
Pavlostathis, 2011). 
 A tolerância intrínseca a estes compostos pode ser mediada por alteração da 
permeabilidade membranar, ou expulsão destes compostos por bombas de efluxo 
codificadas por genes cromossomais. É devido a estes mecanismos que, na presença de 
baixas concentrações de QACs, as bactérias de Gram positivo apresentam uma maior 
suscetibilidade, que as de Gram negativo, mais protegidas devido à presença da 
membrana externa (McDonnell & Russell, 1999; Hegstad et al., 2010). Adicionalmente, as 
bactérias podem adquirir tolerância a QACs pela incorporação de novos genes, ou 
através de mutações em genes pré-existentes conducentes a alterações fenotípicas. 
Estas alterações podem estar relacionadas com alteração da permeabilidade, ou 
composição química da membrana celular (v.g., alterações de ácidos gordos, 
fosfolípidos, lipolissacarídeos, proteínas) (Chaplin, 1952; Guérin-Méchin et al., 1999; 
Dubois-Brissonnet et al., 2001; Ishikawa et al., 2002; Loughlin et al., 2002; Tabata et al., 
2003; Boeri et al., 2007), assim como a ocorrência de bombas de efluxo (Hegstad et al., 
2010). 
 Entre os genes adquiridos, que codificam para bombas de efluxo em bactérias de Gram 
positivo, nomeadamente em plasmídeos que também transportam genes, que codificam 
para a resistência a antibióticos, destacam-se os seguintes: i) qacA, detetado no 
plasmídeo pSK1 S. aureus e no pSK57 também portador do gene blaZ (codifica para 
uma β-lactamase) (Gillespie et al., 1986); ii) qacA/B, detetado em S. aureus no plasmídeo 
pMS62 juntamente com o gene blaZ (Anthonisen et al., 2002; Sidhu et al., 2002; Alam et 
al., 2003; McGann et al., 2011); iii) smr (qacC e qacD) descrito em Staphylococcus 
pasteuri no plasmídeo pSP187 (Bjorland et al., 2007); iv) qacG em Staphylococcus 
haemolyticus (Ye et al., 2012; Correa et al., 2008); e v) qacH em S. haemolyticus (Correa 
et al., 2008); e vi) qacJ em Staphyloccoccus spp. no plasmídeo pNVH01 (Bjorland et al., 
2003), S. haemolyticus (Ye et al., 2012; Correa et al., 2008). Diferentes genes qac 
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também foram descritos em bactérias de Gram negativo tais como qacE, qacEΔ, qacF, 
qacH, qacG, tendo sido detetados em integrões de classe 1 (Sandvang et al., 1998; Gaze 
et al., 2005; Buffet-Bataillon et al., 2012). 
 Os genes de tolerância aos QACs, assim como a sua localização, têm sido pouco 
estudados em Enterococcus spp., havendo apenas descrições ocasionais do gene 
qacA/B, smr e qacZ em isolados de vários nichos ecológicos obtidos em Portugal e 
Alemanha (Braga et al., 2011; Bischoff et al., 2012). O qacEΔ foi também descrito em 
isolados clínicos do Japão em Enterococcus spp. (Kazama et al., 1998). A aquisição 
destes genes por Enterococcus spp., nos estudos disponíveis, traduziu-se, em alguns 
casos, em alteração de suscetibilidade a diferentes QACs comparativamente à população 
selvagem. Por exemplo, no estudo de Bischoff et al., (2012), E. faecalis com o gene 
qacA/B tinham uma CMI ao cloreto de didecildimetilamónio de 2,45-3,5µg/ml, 
constrastando com 1,05µg/ml das bactérias sem gene. No entanto, no estudo de Braga et 
al., (2011), Enterococcus spp. com e sem o gene qacZ apresentaram uma CMI 
semelhante para o cloreto de benzalcónio, entre 2-8µg/ml. Nestes estudos não se avaliou 
a co-localização dos genes qac com outros importantes na sobrevivência/patogenicidade 
de Enterococcus spp., desconhecendo-se, até ao momento, o impacto do uso de QACs 
na epidemiologia da resistência a antibióticos nestas bactérias. 
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A resistência aos antibióticos é considerada um dos problemas de saúde pública e 
económicos mais relevantes da atualidade (25,000 mortes/ano-União Europeia). Medidas 
políticas e intervenções no terreno (focadas na limitação do uso de antibióticos) foram 
adotadas em diferentes regiões e setores para controlar este problema, mas sem o sucesso 
esperado.  
Sendo necessárias novas estratégias de intervenção para a contenção da disseminação 
da resistência aos antibióticos, a investigação científica no tópico “fatores promotores da 
resistência aos antibióticos na interface da saúde humana-animal-ambiente” foi considerada 
prioritária pela  Comissão Europeia e o 7º Programa Quadro de Financiamento Europeu à 
Investigação. Entre estes fatores, está o impacto do uso de diversos biocidas (incluídos em 
produtos alimentares, desinfetantes e antissépticos) na seleção e dinâmica de elementos 
genéticos móveis associados à resistência a antibióticos. 
Com efeito, a acumulação de elementos genéticos adquiridos contribui para uma melhor 
sobrevivência e adaptação dos microrganismos a novos ambientes e hospedeiros. Em 
Enterococcus spp. parece ter promovido o sucesso de determinadas linhagens clonais em 
diferentes nichos ecológicos e, possivelmente, contribuído para que se tornasse um 
importante patogénico nosocomial a nível mundial. Contudo, a maioria dos estudos 
existentes tem-se centrado no impacto da aquisição de resistência a antibióticos sobre a 
evolução genómica e adaptabilidade de Enterococcus spp. a diferentes nichos ecológicos, 
designadamente aos sujeitos a uma elevada pressão seletiva associada ao uso de 
antibióticos.  
Neste contexto, a elaboração desta tese foi baseada na seguinte HIPÓTESE:  
A aquisição de genes que conferem tolerância a biocidas contribui para a evolução 
genómica de Enterococcus spp. resistentes a antibióticos, favorecendo a sua sobrevivência 
e adaptação a diferentes hospedeiros e comunidades ecológicas. 
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Estabeleceu-se como  OBJETIVO GERAL:  
Caracterizar o contexto ecológico e genético da tolerância a biocidas em Enterococcus spp. 
resistentes a antibióticos. 
Para alcançar este objetivo foram incluídos 920 Enterococcus spp. de diferentes nichos 
ecológicos (humano, animal, ambiental, alimentos) obtidos durante um período de 16 anos 
(1997-2012) e com características fenotípicas e genotípicas variadas. Para além da 
avaliação da resistência a antibióticos, o estudo incidiu sobre a tolerância a compostos de 
cobre, mercúrio e de amónio quaternário, largamente utilizados em variadas atividades 
antropogénicas e disseminados em diferentes ambientes. 
Os seguintes OBJETIVOS ESPECÍFICOS foram estabelecidos: 
1. Analisar a ocorrência e dispersão de genes associados à tolerância ao cobre, mercúrio e
compostos de amónio quaternário em Enterococcus spp. de origem humana, animal, 
ambiental e alimentos. Pretendeu-se verificar se Enterococcus spp., de diferentes comunidades 
ecológicas e hospedeiros, constituem reservatórios importantes de genes de tolerância a biocidas, 
favorecendo a sobrevivência e persistência de determinadas estirpes com resistência múltipla aos 
antibióticos em diferentes ambientes. Esta informação é importante para se estabelecerem medidas 
futuras, que minimizem o impacto do uso de biocidas na epidemiologia da resistência aos antibióticos. 
2. Conhecer a estrutura populacional de E. faecium e E. faecalis portadores de genes de
tolerância ao cobre, mercúrio e compostos de amónio quaternário resistentes a antibióticos. 
Pretendeu-se avaliar se a capacidade de adquirir e acumular genes que conferem tolerância a 
biocidas ocorre, mais frequentemente, em linhagens clonais predominantes em determinadas 
comunidades ecológicas. Uma melhor sobrevivência destas linhagens, em nichos e hospedeiros 
particulares, favorece o seu envolvimento em eventos de transmissão horizontal e, 
consequentemente, a aquisição de diferentes características adaptativas, nomeadamente a 
resistência a antibióticos. 
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3. Correlacionar a presença de genes de tolerância ao cobre, mercúrio e compostos de
amónio quaternário com fenótipos/genótipos particulares de resistência a antibióticos. 
Pretendeu-se compreender se os biocidas podem selecionar/manter determinados perfis de 
resistência a antibióticos em diferentes comunidades ecológicas. Foi também avaliado o impacto da 
transmissão horizontal na co-dispersão de genes de resistência a antibióticos e que conferem 
tolerância a biocidas, bem como a diversidade dos elementos genéticos móveis associados. 
4. Conhecer o ambiente genético dos genes de tolerância ao cobre, mercúrio e compostos
de amónio quaternário nos isolados estudados e em genomas disponíveis em bases de 
dados. Pretendeu-se verificar se em Enterococcus spp. genes associados à tolerância a biocidas 
estão incluídos em organizações genéticas multimodulares, o que poderá favorecer a sua participação 
na estruturação de elementos genéticos, potencialmente, associados a patogenicidade e resistência a 
antibióticos. Pretendeu-se também avaliar a contribuição de outros géneros bacterianos, pertencentes 
às mesmas comunidades ecológicas, na evolução genómica da tolerância a biocidas e resistência a 
antibióticos em Enterococcus spp. 
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Lista de trabalhos que integram a tese. 
Os resultados obtidos nesta tese originaram 6 artigos (3 publicações em revistas 
internacionais, 1 artigo submetido para publicação e 2 artigos em preparação), organizados 
em função dos objectivos específicos propostos.  
I. Resistência a antibióticos no ambiente de produção animal: determinantes genéticos 
e linhagens clonais.  
 O estudo de Enterococcus spp. de suiniculturas foi importante dado que o sulfato de cobre é 
usado como aditivo alimentar na produção intensiva de suínos (em concentrações superiores 
às usadas noutros tipos de produção animal) e os compostos de amónio quaternário são 
usados como desinfetantes de superfícies. Assim, foi necessário caracterizar a 
epidemiologia de Enterococcus spp. resistentes a antibióticos, em diferentes suiniculturas 
portuguesas, de forma a selecionar os isolados de interesse para posteriores estudos no 
âmbito da tolerância aos biocidas. 
• Novais C, Freitas AR, Silveira E, Antunes P, Silva R, Coque TM, Peixe L. 2013. Spread of multidrug-
resistant Enterococcus to animals and humans: an underestimated role for the pig farm environment. 
Journal of Antimicrobial Chemotherapy, 2013; 68(12): 2746-2754. 
II. Dispersão de genes associados a tolerância a metais em Enterococcus spp.
resistentes a antibióticos de diferentes comunidades ecológicas e linhagens clonais.  
• Silveira E, Freitas AR, Antunes P, Barros M, Campos J, Coque TM, Peixe L, Novais C. Co-transfer of
resistance to high concentrations of copper and first-line antibiotics among Enterococcus from
different origins (humans, animals, the environment and foods) and clonal lineages. Journal of
Antimicrobial Chemotherapy. Aceite para publicação (doi:10.1093/jac/dkt479).
• Silveira E, Barros M, Freitas AR, Antunes P, Coque TM, Peixe L, Novais C.. Enterococcus spp from
different origins and clonal lineages carry two merA genes found in several Firmicutes members and
are co-transferred with antibiotic resistance and copper tolerance. (Em preparação)
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III. Modularização de plataformas genéticas móveis portadoras de genes que codificam
para tolerância a metais, compostos de amónio quaternário e/ou resistência a 
antibióticos. 
• Silveira E, Barros M, Freitas A R, Antunes P, Coque TM, Peixe L, Novais C. Antibiotic
resistance, copper and mercury tolerance genes are carried by RepA_N pLG1-like
megaplasmids among Enterococcus from several origins and clones. (Em preparação).
• Silveira E, Marques P, Barros M, Cardoso N,  Freitas A R, Mourão J, Coque TM, Antunes P,
Peixe L, Novais C. First description of a multidrug-resistant ST17 Enterococcus
faecium carrying a transferable Inc18-like::qacZ plasmid. (Submetido para publicação).
• Novais C, Freitas AF, Silveira E, Baquero F, Peixe L, Roberts AP, Coque TM. 2012. Different
genetic supports for the tet(S) gene in Enterococci. Antimicrobial Agents and Chemotherapy,
2012; 56(11):6014-6018.
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3.1. Resistência a antibióticos no ambiente de produção animal: determinantes 
genéticos e linhagens clonais 
Publicações 
3.1.1. Spread of multidrug-resistant Enterococcus to animals and humans: an 
underestimated role for the pig farm environment. 
Neste trabalho foi avaliada a disseminação de Enterococcus spp. resistentes a antibióticos em 
suínos e ambiente de suiniculturas, mostrando-se que está  associada quer à dispersão clonal de 
isolados com resistência múltipla quer a transferência horizontal. Da larga coleção de 
Enterococcus spp englobados neste trabalho, em que Eduarda Silveira participou na 
caracterização clonal e nos estudos de transferência horizontal de genes de resistência a 
antibióticos, foram selecionados isolados com características fenotípicas e genotípicas diversas 
para estudos subsequentes relativos à caracterização da tolerância a biocidas.  
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Objectives: The aim of this study was to discover the potential role of the pig farm environment in the spread of
multidrug-resistant (MDR) Enterococcus strains, including high-risk clones, to animals and humans.
Methods: Enterococcus isolates were recovered fromavariety of samples (n¼82; swine, feed/medicines/antisep-
tics andpig farm facilities) fromsix Portuguese farms,most using antibiotics. Antimicrobial susceptibility/conjuga-
tion assays were performed by standard procedures, bacterial identification/screening of antibiotic resistance
genes were performed by PCR and clonality was determined using PFGE/multilocus sequence typing.
Results: Enterococcus isolates resistant to antibiotics (n¼473) were recovered from samples of different origin
(swine, feed/antiseptics, animal residues and pig farm facilities), but only the clinically relevant species Entero-
coccus faecium (n¼171) and Enterococcus faecalis (n¼78) were included for further comprehensive molecular
analysis. Isolates resistant to vancomycin, ampicillin, tetracyclines, erythromycin and aminoglycosides were
better recovered in Slanetz–Bartley medium with these antibiotics present than in media not supplemented
with antibiotics (P,0.05). E. faecium was more frequently resistant to ampicillin, ciprofloxacin or nitrofurantoin
and E. faecalis to tetracyclines, chloramphenicol or aminoglycosides (P,0.05). Glycopeptide and erythromycin
resistance rateswere similar in both species. The transferof resistance to several antibiotics, including vancomycin
and ampicillin, was demonstrated. Clones associated with human infections were detected in different
samples from the same farm [E. faecium from sequence type (ST) 78 lineage and E. faecalis ST16; manure,
waste lagoons, faeces and drinking water] and in geographically distant farms [E. faecium clonal complex (CC)
5; E. faecalis CC21 and ST16].
Conclusions: The pig farm environment has an underestimated potential role in the transmission of MDREntero-
coccus to animals and, possibly, to humans. The continuous contact of swine with MDR Enterococcus by different
routes (e.g. feed, dust, air and rooms)might decrease the impact of restrictive antibiotic use policies and reinforces
the need for different and preliminary interventions at the husbandry management level.
Keywords: swine, vanA, high-risk clones, co-resistance, indirect contamination routes
Introduction
Animal infectious diseases can greatly affect the cost of food pro-
duction, with antimicrobial agents commonly used on farms.1,2
The pervasive selection of antibiotic-resistant bacteria in the
animals’ guts facilitates the persistence and spread of
multidrug-resistant (MDR) strains to humans via the food chain,3
occurring by direct (e.g. food; farm workers in contact with
animals or the pig farm environment) and indirect (animal waste
handling, wind, surface and ground waters) routes.4–9 Most of
the studies addressing the occurrence of MDR bacteria in the
animal setting are focused on direct routes and do not provide a
comprehensive analysis of the genetic elements and clones
involved in the spread of antibiotic resistance.5,6,8,10–13
# The Author 2013. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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Enterococcus spp. are used as a bioindicator of faecal contam-
ination and antibiotic resistance among animals and foods.3
Different countries have reported the occurrence of antibiotic-
resistant enterococci isolated from swine,3,10,12 – 14with descrip-
tions of strains and genetic elements of relevance in the clinical
settingat the local15,16orglobal scale.17 In recentdecades,Entero-
coccus has become one of the main causes of nosocomial infec-
tions worldwide, owing to the wide dissemination of the high-risk
clonal complexes (CCs) of Enterococcus faecium and Enterococcus
faecalis.18–20 Recently, strains belonging to high-risk CCs asso-
ciated with human infections have been recovered from farm
and companion animals (E. faecium from the formerly designated
CC17; E. faecalis CC2) and strains from CCs commonly found
among animals have also been detected in humans [E. faecium
CC5; E. faecalis sequence type (ST) 16].21,22
This study addresses the potential role of the pig farm environ-
ment in the transmission ofMDRE. faecium and E. faecalis (namely
high-risk CCs) to farm animals and, by indirect routes, to humans.
Methods
Study design
Six pig farms located in the north, centre and south of Portugal, arbitrarily
designated by roman numerals, were analysed from April 2006 to Decem-
ber2007. FarmsI–III, VandVIused intensiveproductionmethods (pigsare
housed indoorsand relymostlyon rations for food)and farmIVusedexten-
sive methods (pigs remain outside and rely primarily on foraging and
grazing for food). Information concerning the use of antibiotics was avail-
able for four farms. The animals were treated either with tetracyclines
(farms Vand VI), gentamicin (farm II) or tetracycline plus tylosin followed
by amoxicillin (farm III). Adult animals were also feed with Orepaxw, (sup-
plement includingcopperand zinc) on farmIII. Antibioticswere replacedby
the probiotic formula Farmaflorw (complexof lactic bacteria for the preven-
tion of digestive nutritional disorders among swine) each 6 months on
farms Vand VI.
Farms III, Vand VI were periodically disinfected when they were free of
animals, and reproductive females were washed before entering the ma-
ternity rooms. Virkonw and Mistralw (contain copper; also used to disinfect
piglets’ skin) were used on farm III and quicklime and other products for
which information was not available on farms Vand VI.
Eighty-two samples were classified according to their origin: (i) swine
(n¼20; faeces, nostril/surface swabs from piglets aged 2–4 weeks or
young adults/adult animals aged ≥6 months); (ii) feed/antiseptic (n¼22;
feed, water or antiseptic); (iii) residues (n¼17; waste lagoons, residual
waters and manure); and (iv) pig farm facilities (n¼23; air, water, walls/
floors after disinfection, dust, soil and food distribution equipment).
Sample processing and antibiotic susceptibility testing
Sampleswereenriched inbufferedpeptonewater (1/10) for16 h (378C)and
a 0.1 mLaliquotwas plated onto Slanetz–Bartley agar plateswithout anti-
bioticsandsupplementedwith16 mg/Lof tetracycline,1000 mg/Lof strep-
tomycin, 125 mg/L of gentamicin, 8 mg/L of erythromycin, 6 mg/L of
vancomycin or 16 mg/L of ampicillin. From each sample, only one colony
per morphology and plate was selected for further studies.
Antibiotic susceptibility tovancomycin, teicoplanin, ampicillin, tetracyc-
line, minocycline, erythromycin, quinupristin/dalfopristin, ciprofloxacin,
chloramphenicol, nitrofurantoin and to high concentrations of gentamicin
and streptomycin was determined using the disc diffusionmethod follow-
ing CLSI guidelines.23 Enterococcus faecalis ATCC 29212 and Staphylococ-
cus aureus ATCC 29213 were used as control strains. For practical
purposes, Enterococcus classified as resistant or with an intermediate
levelof resistanceaccordingtoCLSIguidelineswereconsideredas resistant.
MDRwas consideredwhen the isolateswere resistant to threeormoreanti-
biotics from different families.24
Identification and characterization of antibiotic
resistance genes
Genus identification was performed by Gram’s stain, catalase test, bile-
aesculin hydrolysis and growth in 6.5% NaCl. Identification ofE. faecium,
E. faecalis, Enterococcus durans and Enterococcus hirae, and detection of
genes conferring resistance to glycopeptides (vanA, vanB, vanC1 and
vanC2), tetracyclines [tet(M), tet(L), tet(O), tet(S), tet(K), tet(W), tet(X),
tet(Q), tet(32), tetA(P) and tetB(P)], macrolides [erm(A), erm(B) and erm(C)]
and aminoglycosides [aac(6′)-Ie-aph(2′ ′)-Ia, aph(2′ ′)-Ib, aph(2′ ′)-Ic and
aph(2′ ′)-Id] was performed using PCR as previously described.10,25–29
Clonal relatedness
RepresentativeE. faeciumandE. faecalis fromdifferent farmsandantibiotic
resistance phenotypes were analysed by PFGE and multilocus sequence
typing (MLST) as described (http://www.mlst.net).26,30 Of note, STs previ-
ously included in CC17 were recently separated in three different lineages
(ST17, ST18 and ST78).22
Conjugation assays
Filtermating assayswere performed at a donor:recipient ratio of 1:1 using
E. faecalis JH2–2, E. faecium BM4105RF (both resistant to rifampicin and
fusidic acid) or E. faecium GE-1 (resistant to tetracycline, rifampicin and
fusidic acid) as receptor strains.17
Statistical analysis
Differences among the rates of antibiotic resistance and among isolates
recovered from different plates or samples were analysed by the Fisher
exact test (a¼0.05) using GraphPad Prism software, version 6.0a.
Results
Bacterial diversity and antibiotic resistance background
Enterococci (n¼473) were recovered from 98% of the samples
studied (80/82). They were identified as E. faecium (n¼171),
E. faecalis (n¼78), E. hirae (n¼73), Enterococcus gallinarum
(n¼14), Enterococcus casseliflavus (n¼5) and other Enterococcus
spp. (n¼132). E. faeciumwas the predominant species onmost of
the farms (II, IV, VandVI). Isolates resistant to tetracycline (occur-
ring in 96%–100% of samples), erythromycin (96%–100%), qui-
nupristin/dalfopristin (83%–100%), ciprofloxacin (85%–100%),
nitrofurantoin (55%–100%), high levels of streptomycin (65%–
94%), high levels of gentamicin (60%–82%) or chloramphenicol
(60%–77%)were recovered fromall groupsof samples. Resistance
to glycopeptides (vancomycin, teicoplanin; 5%–17%) was de-
tected in swine (faeces, hoof) and piggery facilities (maternity
soil and exterior soil from the extensive production piggery IV).
Ampicillin-resistant isolates (9%–35%) were detected in samples
fromdiverse sources, including animals (faeces and nostril),medi-
cine and feed, animal residues (e.g. waste lagoons, manure and
residual water) and piggery facilities (maternity soil and sty)
(see Table S1, available as Supplementary data at JAC Online,
for more detailed information). No correlation was detected
between the use of a particular antibiotic by a specific farm and
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the occurrence of higher rates of resistance to that antibiotic com-
pared with other farms (P.0.05; data not shown).
Among the 473 Enterococcus isolates recovered, only the pre-
dominant and clinically relevant species,E. faecium and E. faecalis,
were included for further analysis. Table1 showsantibiotic-resistant
isolates from these two species recovered frommedia supplemen-
tedornotwithantibiotics. Isolatesresistanttoampicillinorgentami-
cinwere better detected using agar plates containing each of these
two compounds (P,0.05), in contrast to isolates resistant to other
antibiotics, whichwere recovered frommedia containing antibiotics
from different families (P.0.05). Nevertheless, every time an anti-
bioticwasusedtosupplementSlanetz–Bartleymedium, isolates re-
sistant to that antibiotic were better recovered than in media
without any supplement (P,0.05).
The analysis of the data byspecies revealed thatE. faeciumwas
more frequently resistant to ampicillin, ciprofloxacin or nitrofuran-
toin and E. faecalis to tetracycline, minocycline, chloramphenicol,
high concentrations of gentamicin or high concentrations of strep-
tomycin (P,0.05). Resistance to glycopeptides or erythromycin
was similar in both species (P.0.05). MDR Enterococcus (99% of
the E. faecalis and 60% of the E. faecium) isolates were frequently
recovered on the farms studied.
The diversity and occurrence of antibiotic resistance genes is
also shown in Table 1. High-level resistance to glycopeptides was
due to the presence of vanA (four E. faecium and one E. faecalis).
Genes coding for resistance to tetracyclines [tet(M), tet(L), tet(S)],
aminoglycosides [aac(6′)-Ie-aph(2′ ′)-Ia] and showing the MLSB
phenotype erm(B) were detected in isolates recovered from
plates supplemented with different antibiotics. Enterococcus car-
rying tet(M), tet(L) or erm(B) and exhibiting a susceptible pheno-
type to either tetracyclines or erythromycin were detected in 3%
and 2% of the isolates, respectively.
Clonal relatedness
Fifty-three E. faecium and 28 E. faecalis were classified among 35
E. faeciumand13 E. faecalis PFGE types. They corresponded to adi-
versityof STs, someof thembelonging to themainCCs ofE. faecalis
(oneCC2and threeCC21) andE. faecium [nine CC5 (two included in
ST18 and four in ST78 clonal lineages), four CC22 and two CC9]
(Table 2). The E. faecalis CC2 (ST6) isolate was detected in a water
sample from farm II and theE. faecalisCC21 (ST21, ST224) isolates
inairandmanure fromfarmsIIandVI.E. faeciumST132andST431
(ST18 clonal lineage) and ST393 (ST78 clonal lineage)22 were
recovered from environmental samples from farm II; the CC5
(ST150, ST185) isolates from farms IV, V and VI, both in swine
and environmental samples; the E. faecium CC22 isolates from
antiseptic and drinking water from farms III and IV; and
E. faecium CC9 from pig farm air and feed from farms V and VI
(Table 2). Most of these clones were recovered from plates supple-
mented with antibiotics.
Ten clones (four E. faecalis and six E. faecium) were detected in
different samples from the same farm. Among these, horizontal
spread among animals of different ages and among animals or
the farm environment was detected within farm III (E. faecalis
clones SN204, SN205; E. faecium clone SN221, SN226). Five
clones (three E. faecalis and two E. faecium) were also isolated
from different farms throughout the study, and occurred in differ-
ent sample types, including pig faeces, animal residues (solid
manure, waste lagoon) and feed.
Conjugation assays
Conjugative transfer of resistance to one ormore antibiotics varied
between 18% and 80% depending on the plating method used
(Table 3). A diversity of antibiotic resistance phenotypes was
observed. Specific strains (Table 3) were able to transfer distinct
antibiotic resistance determinants when different antibiotics
were used in plates to recover transconjugants, although resist-
ance to tetracycline and/or erythromycin was transferred in most
cases. E. faeciumand E. faecalis transferred vancomycin resistance
and transconjugants were recovered from plates supplemented
with vancomycin or tetracycline. Ampicillin resistance was trans-
ferred from few E. faecium belonging to ST393 and ST431 and
only when this antibiotic was used to select ampicillin-resistant
transconjugants.
Discussion
The recovery of MDR E. faecalis and E. faecium (some associated
withhigh-risk CCs causinghuman infections) fromanimals anden-
vironmental samples from intensive and extensive farms high-
lights the potential impact of indirect routes on the transmission
of both antibiotic resistance traits and successful clones with rele-
vance in human medicine.
Theoccurrenceonall farmsofMDR isolates containing antibiot-
ic resistancegenes that canbeco-transferred is of concern, asMDR
gives a great opportunity for microorganism survival under differ-
ent selective pressures, namely when one (farms V and VI) or
more (farm III) antimicrobial agents are used.31 The occurrence
of resistance to glycopeptides, which were banned for animal use
in Europe in 1998,32 and the transfer of ampicillin resistance
amongEnterococcusareofnote.33This study is thefirstdocument-
ing transferable ampicillin resistance among isolates of swine
origin, despite the frequent use ofb-lactams in the animal produc-
tion setting.2
The detection of host-specific high-risk CCs such as E. faecium
CC5 (mainly associated with swine and previously described to
bespreadamongswine,healthyhumansandhospitalizedpatients
fromEuropean countries and theUSA in the last decade),E. faecium
from ST18/ST78 clonal lineages andE. faecalis CC2 earlier isolated
in both animals and humans17,20 is worrying, as it might result in a
zoonotic potential for these major clones. Transfer of these strains
from animals to humans, or vice versa, as seems to have happened
with CC398Staphylococcus aureus,34 cannot be ruled out. Also, the
survival ofEnterococcusunder different chemical conditions within
the animal setting35 might have contributed to the isolation of
these strains from samples collected across pig farms.
The high-frequency occurrence of MDR isolates in piggeries
(e.g. environment, drinkingwater and feed) and the colonization
of pigs from young to adult ages can facilitate the spread and
persistence of common strains within farm facilities and the col-
onization of new animals, as previously observed by Heuer
et al.36 in poultry flocks. Moreover, the recovery of the same
clone from swine of different ages and the detection of MDR
isolates, including high-risk CCs, in samples of drinking water
(supposedly disinfected with UV and chlorine), air and dust and
from disinfected rooms and in an antiseptic sample collected
after being used in a piglet, indicate ineffective disinfection
and the survival of antibiotic-resistant Enterococcus spp.
despite cleaning measures. Animal transport,37 common pig
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Table 2. Epidemiological features and clonal relationship of representativeE. faecalis and E. faecium from the piggeries studied
CCa ST
PFGE (no. of
subtypes)
No. of
isolates
Date of
isolation/
region Source (n)/piggery
Antibiotic
resistance profileb
Antibiotic resistance
genesb
E. faecalis
CC2 6 HB6 1 2007/Sth water/II VAN, TEC, TET,
MIN, ERY, CIP,
CHL, GEN
vanA, tet(M),
aac6′-Ie-aph2′ ′-Ia
CC21 21 HX6 1 2007/Nth air from piggery facility/VI TET, MIN, ERY,
GEN, STR
tet(M), tet(L),
aac6′-Ie-aph2′ ′-Ia
SN206 (HX7) 1 2007/Nth liquid manure/VI TET, MIN, ERY,
GEN, STR
tet(M), tet(L), erm(B),
aac6′-Ie-aph2′ ′-Ia
224 SN205 (1) 1 2006/Sth solid manure/II TET, ERY, CHL, GEN,
STR
tet(M), tet(L), erm(B),
aac6′-Ie-aph2′ ′-Ia
Singleton 16 SN205 (5) 7 2006–07/
Sth, Ct,
Nth
piglet/adult pig faeces (3)/III;
solid manure (2)/V; waste
lagoon/I; adult pig feed/VI;
drinking water/III
TET, [MIN], ERY,
[CHL], GEN,
[STR]
tet(M), [tet(L)], [erm(B)],
aac6′-Ie-aph2′ ′-Ia
200 SN201 1 2006/Sth solid manure/II TET, ERY tet(M)
35 SN204 5 2006/Sth,
Ct
piglet/adult pig feed (2)/II, III;
adult pig faeces/III, drinking
water/III, facilities dust/III
TET, [MIN], ERY,
[CIP], [CHL],
[GEN], STR
tet(M), tet(L), [erm(B)],
[aac6′-Ie-aph2′ ′-Ia]
445 SN242 3 2006/Ct adult pig feed/III, solid manure/
III, residual water/III
TET, [MIN], ERY,
[CHL], STR,
[NIT]
tet(M), tet(L), tet(S),
erm(B)
Unk SN200 1 2006/Sth waste lagoon/I TET, STR tet(M), tet(L)
SN202 (1) 2 2006/Sth solid manure/II, waste lagoon/II TET, ERY, GEN,
[STR]
[tet(M)], [erm(B)],
aac6′-Ie-aph2′ ′-Ia
SN220 1 2006/Ct adult pig feed/III TET, ERY tet(M), tet(L), erm(B)
SN237 2 2006/Sth,
Ct
waste lagoon/II, antiseptic/III TET, MIN, ERY, CHL,
[GEN], STR
tet(M), tet(L), erm(B),
[aac6′-Ie-aph2′ ′-Ia]
SN239 1 2006/Sth solid manure/II TET, ERY, CHL, GEN,
STR
tet(M), tet(L),
aac6′-Ie-aph2′ ′-Ia
SN240 1 2006/Ct solid manure/III TET, ERY, CHL, GEN,
STR
tet(M), tet(L), erm(B),
aac6′-Ie-aph2′ ′-Ia
E. faecium
ST18 clonal
lineage
132 H119 (1) 1 2007/Sth water/II VAN, TEC, AMP,
ERY, GEN
vanA, aac6′-Ie-aph2′ ′-Ia
431 SN208 (1) 1 2007/Sth facilities dust/II AMP, TET, MIN,
ERY, CIP, STR,
NIT
tet(M), tet(L), erm(B)
ST78 clonal
lineage
393 SN208 4 2006/Sth solid manure/II, waste lagoon (3)/
II
AMP, TET, [MIN],
ERY, [CIP], STR,
NIT
[tet(M)], [tet(L)],
[erm(B)]
CC5 150 SN216 1 2007/Nth adult pig faeces/V AMP, TET, ERY, CIP,
STR
tet(M), erm(B)
185 A (4) 8 2007/Sth,
Nth
soil (4)/IV, solid manure (2)/IV,
adult pig diarrhoeal faeces/VI,
food-distributing equipment/V
[VAN], [TEC], TET,
MIN, [ERY], [Q/
D], [NIT], [STR]
[vanA], [tet(M)], [tet(L)],
[erm(B)]
CC9 433 SN214 1 2007/Nth air from piggery facility/V TET, MIN tet(M), tet(L)
437 SN219 1 2007/Nth adult pig feed/VI TET, MIN, ERY, CIP,
[CHL], STR
tet(M), tet(L), erm(B)
CC22 32 SN210;
SN213
2 2007/Sth,
Ct
antiseptic/III, drinking water/IV TET, MIN, [CIP],
[NIT]
tet(M), tet(L), tet(S)
Continued
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breeding lines sold to different countries, commercial trade in
living animals38 and wild animals (e.g. birds, contacting swine
or waste lagoons)39 could be other factors explaining the
spread of particular MDR clones to the different farms. Also,
MDR strains detected in manure samples sold for land applica-
tion by some of the farms studied might contribute to their dis-
persion to other food products consumed by man, stressing
the potential of indirect routes for MDR strain dissemination.9,40
Table 2. Continued
CCa ST
PFGE (no. of
subtypes)
No. of
isolates
Date of
isolation/
region Source (n)/piggery
Antibiotic
resistance profileb
Antibiotic resistance
genesb
435 SN217 1 2007/Nth adult pig faeces/V TET, ERY, CIP, GEN,
STR
tet(M), erm(B),
aac6′-Ie-aph2′ ′-Ia
436 SN220 1 2007/Nth adult pig feed/V TET, MIN, CIP tet(M)
Singleton 30 SN221 (1) 3 2006/Ct piglet faeces/III, facilities dust/
III, piglet feed/III
TET, [MIN], ERY,
[CIP], [GEN],
[STR]
[tet(M)], tet(L), [erm(B)],
[aac6′-Ie-aph2′ ′-Ia]
428 SN207 1 2006/Sth waste lagoon/I TET, MIN, ERY, GEN tet(M), tet(L), erm(B),
aac6′-Ie-aph2′ ′-Ia
429 SN209 1 2006/Sth solid manure/II TET, ERY, STR tet(L), erm(B)
430 SN211 2 2007/Sth piglet feed/II, facilities dust/II AMP, TET, MIN,
ERY, [CIP], STR,
NIT
[tet(M)], tet(L), erm(B)
432 SN212 1 2007/Nth liquid manure/IV TET, MIN, ERY, Q/D tet(M), tet(L), erm(B)
434 SN215 2 2007/Nth air from piggery facility/V TET, ERY, STR tet(M), tet(L)
443 SN243 1 2007/Nth young adult pig faeces/V VAN, TEC, TET, ERY,
NIT
vanA, tet(M), erm(B)
new SN223 1 2006/Sth waste lagoon/II TET, MIN, ERY, STR,
NIT
tet(M), tet(L), erm(B)
Unk SN222 1 2006/Sth waste lagoon/I TET, MIN tet(M), erm(B)
SN224 1 2006/Sth waste lagoon/II TET, MIN, ERY, CIP tet(M), tet(L)
SN246 1 2006/Sth water/II TET tet(M)
SN232 1 2007/Sth residual water/II TET, MIN, ERY, CIP,
GEN, STR
tet(L), erm(B)
SN225 1 2006/Ct antiseptic/III TET, ERY, CHL tet(S)
SN226 (2) 3 2006/Ct antiseptic/III, facilities dust/III,
adult pig faeces/III
TET, ERY, [Q/D],
[CIP], STR
tet(M), tet(L), erm(B)
SN227 1 2006/Ct piglet faeces/III TET tet(L), erm(B)
SN231 1 2006/Ct residual water/III TET, ERY, Q/D tet(M), erm(B)
SN248 1 2006/Ct solid manure/III TET, MIN, ERY, Q/D,
CHL, GEN, STR,
NIT
tet(M), tet(L)
SN249 1 2007/Sth soil/IV – –
SN244 1 2007/Sth soil/IV TET, MIN, Q/D, NIT tet(M)
SN230 2 2007/Nth waste lagoon/V, solid manure/V TET, [MIN], ERY,
STR, NIT
tet(M), tet(L), erm(B)
SN233 1 2007/Nth air from piggery facility/V TET tet(M)
SN236 1 2007/Nth facilities wall/V TET, MIN tet(M), erm(B)
SN245 1 2007/Nth piggery facilities/V – erm(B)
SN234 1 2007/Nth drinking water/VI TET, MIN, ERY, STR tet(M), erm(B)
SN235 1 2007/Nth facilities floor/VI TET, MIN, ERY, CIP,
STR, NIT
erm(B)
GEN, high-level resistance to gentamicin; STR, high-level resistance to streptomycin; Unk, unknown; Sth, south; Ct, center; Nth, north.
– , Absence of antibiotic resistance.
Rows in bold represent commonclones detected in different samples from the samepiggery farm. Rows in grey represent clones spread in different farms.
aCCs are shown according to eBURSTclustering. MLST was performed in representative clones from the different piggeries.
bThe variable presence of a given resistance phenotype/genotype among isolates belonging to the same clonal lineage is indicated by brackets.
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In conclusion, this study highlights the role of pig farms in the
transmission dynamics of antibiotic resistance, complementing
previous reports mainly focused on the analysis of animals
faeces, animal meat or pig-farm dust.3,10,12,13,41 The results of
the study also stress the need for multilevel strategies to contain
the spread of antibiotic resistance within pig farms, including the
control of waste spreading, manure sale, air quality, hygiene and
disinfection.42 The implementationofperiodicanimalandenviron-
ment surveillancestudiesarecritical foraddressing thepersistence
of successful clones with zoonotic potential, including strains
Table 3. Transfer of antibiotic resistance from wildE. faecium and E. faecalis using media supplemented with different antibiotics for transconjugant
selection
Antibiotic used for
selection
Positive
matings
(%)
Wild strains with positive
mating assaysa Species CC/ST (no. of isolates)
Antibiotic resistance
phenotype transferredb
Ampicillin (10 mg/L) 5/18 (28) 71c,d, 133c, 109c,d,
148c,d,e, 512a
E. faecium SN208-ST393 (2)/ST431 (1)f AMP
Gentamicin (500 mg/L) 4/22 (18) 122g E. faecalis SN237-ST224 GEN, ERY
636g SN206-CC21/ST21 GEN, ERY, TET, STR
722e,g GEN
77c E. faecium GEN, ERY, STR
Vancomycin (6 mg/L) 4/5 (80) 558c, 573c E. faecium A5-ST185/CC5 VAN, TEC, [GEN]
707c E. faecium SN243-ST443 VAN, TEC, ERY
444g E. faecalis HB6-CC2/ST6 VAN, TEC, ERY, CHL
Erythromycin (8 mg/L) 14/32 (44) 133c E. faecium SN208-ST393f ERY, STR
168h, 341h, 427e,h E. faecium SN226 ERY, TET, [Q/D], [GEN]
180h,545h,592h E. faecium SN231, SN212-ST432,
SN215-ST434
ERY
765h, 455h,i, 559h, 594h,i E. faecium SN216-ST150(1) ERY, TET
122c E. faecalis SN237-ST224 ERY, TET, Q/D, CHL, GEN,
STR
338g E. faecalis ERY, TET
45g E. faecalis ERY, TET, Q/D, CHL, STR
Tetracycline (6 mg/L) 25/60 (42) 11h E. faecium TET, [ERY], [GEN]
168h, 341h, 71d,h, 92h, 96h E. faecium SN226 (2), SN223 (1),
SN208-ST393(1)f
TET, ERY, STR
223h E. faecium SN221-ST30 TET, ERY, [STR]
255h, 523h, 594h,i E. faecium SN216 (1) TET, ERY
534h, 765h E. faecium A3.1′ (1) TET, ERY, Q/D
536h, 583h E. faecium TET
557d,h, 558h, 573h E. faecium A5-ST185/CC5 TET, VAN
32d,g,j, 48g, 340g, 369g E. faecalis SN242-ST445(1); SN201/
ST200 (1)
TET
45g E. faecalis SN239 TET, [ERY], CHL, [GEN],
[STR]
122g, 46g,i E. faecalis SN237-ST224;
SN205.4-ST224/CC21
TET, ERY, CHL, STR
224d,g,i E. faecalis TET, ERY
GEN, high-level resistance to gentamicin; STR, high-level resistance to streptomycin.
aStrains in bold originated transconjugants in separate mating assays, which were recovered in media supplemented with different antibiotics.
bThe variable presence of a given resistance phenotype among transconjugants from isolates belonging to the same clonal lineage or transconjugants
from one wild strain is indicated by brackets.
cRecipient strain: E. faecium GE1.
dNegative conjugation in mating assays with erythromycin.
eNegative conjugation in mating assays with tetracycline.
fST393 belongs to the ST78 clonal lineage and ST431 belongs to the ST18 clonal lineage.
gRecipient strain: E. faecalis JH2-2.
hRecipient strain: E. faecium BM4105RF.
iNegative conjugation in mating assays with ampicillin.
jNegative conjugation in mating assays with gentamicin.
Novais et al.
2752
108
carrying bothantibiotic resistancedeterminants andputative viru-
lence factors.
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3.2. Dispersão de genes associados a tolerância a metais em Enterococcus 
spp. resistentes a antibióticos de diferentes comunidades ecológicas e 
linhagens clonais 
Publicações e artigos em preparação: 
3.2.1. Co-transfer of resistance to high concentrations of copper and first-line antibiotics 
among Enterococcus from different origins (humans, animals, the environment and foods) 
and clonal lineages. 
3.2.2. Enterococcus spp from different origins and clonal lineages carry two merA genes 
found in several Firmicutes members and are co-transferred with antibiotic resistance and 
copper tolerance. 
Este capítulo engloba dois estudos relativos à dispersão de diferentes genes que codificam para 
tolerância ao cobre e mercúrio em Enterococcus spp. de diversas origens e linhagens clonais. 
Também é estabelecida uma relação entre os genes encontrados e fenótipos de resistência a 
antibióticos específicos, assim como evidenciada a relevância da transferência horizontal na co-
dispersão de genes de tolerância a metais e resistência a antibióticos.  
Estes dois estudos destacam-se de outros trabalhos por permitirem uma melhor compreensão do 
contexto epidemiológico em que se inserem os genes de tolerância ao mercúrio e cobre, 
nomeadamente pelo maior número e origem diversificada dos isolados estudados, por incluir a 
pesquisa genes descritos em outros géneros bacterianos pertencentes às mesmas comunidades 
de partilha genética em que Enterococcus spp estão inseridos e por avaliar a estrutura 
populacional de E. faecium e E. faecalis portadores dos genes estudados. 
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Objectives:We studied the occurrence of diverse copper (Cu) tolerance genes from Gram-positive bacteria and
their co-transfer with antibiotic resistance genes among Enterococcus from diverse sources.
Methods:Enterococcus (n¼922) of several species and fromhuman, animal, environmentand food sampleswere
included. Antimicrobial and CuSO4 susceptibility and conjugation assayswere performed by standard procedures,
bacterial screeningof Cuandantibiotic resistancegenes byPCR, and clonality by PFGE/multilocus sequence typing.
Results: tcrB and cueO genes occurred in 15% (n¼137/922) and 14% (n¼128/922) of isolates, respectively, with
the highest occurrence in piggeries (P,0.05). They were more frequent amongEnterococcus faecium (tcrB: 23%
versus 8% in Enterococcus faecalis and 12% in other species; cueO: 25% versus 5% and 9%, respectively;
P,0.05). A correlation between phenotypic and genotypic assays was observed for most E. faecium (CuSO4
MIC50¼24 mM in tcrB/cueO+ versus CuSO4 MIC50¼12 mM in tcrB/cueO2), but not for other species. Co-transfer
of Cu tolerance (associated with tcrB, cueO or an unknown mechanism) with erythromycin, tetracycline,
vancomycin, aminoglycosides or ampicillin resistance was demonstrated. A variety of PFGE types was detected
among isolates carrying Cu tolerance mechanisms, some identified in sequence types (STs) often linked to
human infections (E. faecium from ST18 and ST78 clonal lineages and E. faecalis clonal complex 2).
Conclusions: Cu tolerance might contribute to the selection/maintenance of multidrug-resistant Enterococcus
(including resistance to first-line antibiotics used to treat enterococcal infections) due to the use of Cu compounds
(e.g. antiseptics/animal feedsupplements). Thedistributionof themulticopperoxidasecueOand theco-transferof
ampicillin resistance along with Cu tolerance genes are described for the first time.
Keywords: tcrB, multicopper oxidase, horizontal transfer, biocides, metals
Introduction
Enterococcusare widespread in nature and able to survive a variety
of physical and chemical challenges, often by the acquisition of
diverse genetic elements, which participate in their adaptation
to different hosts and/or environments.1,2 Over the last two
decades, Enterococcus faeciumand Enterococcus faecalisbecame
increasingly important nosocomial pathogens worldwide, mostly
associatedwith particularmultidrug resistance clonal lineages resi-
dent in the hospital environment.3 The selective pressure due to the
useofantibiotics inhospitalsand farmshassupported themainten-
ance of multidrug-resistant (MDR) successful clones in particular
ecosystems, but co-selection of MDR isolates by other compounds
widely used in these settings, such as metals or biocides, has been
less explored.
Copper (Cu) isanessentialmetal for livingorganismsandplaysa
critical role in several cellular processes; thus, it is extensively used
as a feed additive for the growth promotion of farm animals (e.g.
pigs and poultry).4–6 Nonetheless, high concentrations of Cu are
toxic for living cells, making this compound suitable to be used
# The Author 2013. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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for control of microorganism growth on surfaces.7 Several resist-
ance mechanisms to overcome high concentrations of Cu, either
intrinsic or acquired, have been described (e.g. efflux pumps and
cellular detoxification), although only a few studies addressed
the mechanisms associated with tolerance to Cu in Entero-
coccus.4,5,8–12 Cu homeostasis has been mostly analysed in En-
terococcus hirae (copYZAB system; associated with a CuSO4 MIC
,8 mM)11 and less in other species.13 Also, toxic levels of Cu can
be overcome by the tcrYAZB gene cluster (CuSO4 MIC .8 mM),
the only transferable CPx-type CuATPase genedescribed inEntero-
coccus. It was initially identified on the pA17sv1 plasmid, which
harboured genes encoding resistance to macrolides [erm(B)]
and glycopeptides (vanA).9 The distribution of the tcrYAZB gene
cluster among Enterococcus was scarcely evaluated in environ-
ments besides the animal setting and a few geographical
locations.8,14–17 Also, the occurrence of other mechanisms
against high Cu concentrations identified in Enterococcus spp.
(e.g. the multicopper oxidase cueO identified in a single strain of
E. faecium)18 orothergenes carriedbydifferentGram-positivebac-
teria (e.g. Lactococcus, Listeria and Bacillus)11 commonly sharing
the same ecosystems has never been explored.
Theaimof this studywastoobtainasnapshotof theoccurrence
of diverse Cu tolerance genes described in Gram-positive bacteria
and their co-transfer with antibiotic resistance genes among
Enterococcus from diverse sources.
Methods
Epidemiological background, species identification and
study of antibiotic susceptibility
Nine hundred and twenty-two isolates were obtained from different
sources (hospitalized and healthy humans, animals, foods, sewage and
the environment) of the north, centre and south of Portugal during
1996–2012. Samples were collected from: (i) hospitalized humans (110
clinical isolates from different patients at five hospitals); (ii) healthy
humans (126 isolates from faeces of 79 individuals); (iii) the environment
(51 isolates from 16 water samples from hospital sewage and 3 isolates
from 2 water samples of an urban river); (iv) food for human consumption
(155 isolates from75poultry carcass lots of 11 brands sold across Portugal,
25 isolates from7 lots ofmuscle/viscera of rainbow trout sold in four super-
markets and 2 samples from an aquaculture, and 21 isolates from 18
ready-to-eat salads of 7 brands); and (v) the animal production setting
[232 isolates from 71 samples of six piggeries (animal faeces/skin, animal
residues, feed/drinkingwater, air, walls/floors/equipment/dust of facilities)
and 199 isolates from 41 samples of two trout aquacultures (water/sedi-
ment, feed samples)].
The feedavailable tofish in the troutaquaculturesanalysed in this study
contained3 ppmofCuSO4. Inoneof thepiggeries (designatedasPiggery III
in Table 2), CuSO4 was used for belly-bottom disinfection in piglets. In Por-
tugal, commercialized feed for swine andpoultry contains 25 and5 ppmof
CuSO4, respectively, which are within CuSO4 concentrations allowed by the
European Union in feed (maximum of 175 ppm).6,19
Enterococcus were identified by standard methods (Gram, catalase,
esculin hydrolysis and growth in 6.5%NaCl) and PCR (E. faecium, E. faecalis,
Enterococcus gallinarum, Enterococcus casseliflavus, Enterococcus durans
and E. hirae).20,21 Susceptibility to vancomycin, teicoplanin, ampicillin,
tetracycline, erythromycin, quinupristin/dalfopristin, ciprofloxacin, chlor-
amphenicol, nitrofurantoin and high concentrations of gentamicin and
streptomycinwasdeterminedbyagardilutionordiscdiffusionmethods fol-
lowing CLSI guidelines.22 The search for genes encoding resistance to
glycopeptides (vanA, vanB, vanC1, vanC2), macrolides [erm(A), erm(B),
erm(C)], tetracyclines [tet(M), tet(L), tet(O), tet(K), tet(S)], aminoglycosides
[aac(6′)-Ie-aph (2′′)-Ia, aadE] and ampicillin (pbp5) was performed by PCR
as described previously.20,23,24 The primers used for the search of aadE
(aadEF, 5′-TCAGCGGCATATGTGCTATC-3′; aadER, 5′-TTCGAATTGTGACCCT
TGAG-3′) were designed according to the sequence described in plasmid
pS177 (GenBank accession no. HQ115078.1). Part of the isolates analysed
in this work corresponds to Enterococcus from previous surveillance
studies and were selected from each source based on the following fea-
tures: different samples, species and antibiotic resistance profiles,20,25–28
while those obtained between 2010 and 2012 have been firstly character-
ized in this study.
Study of Cu susceptibility
Genes previously associated with tolerance to high concentrations of Cu
were searched for by PCR (Table S1, available as Supplementary data at
JAC Online). The proteins encoded by the genes include two Cu export
ATPases (tcrB and copBpDBORO genes) and three multicopper oxidases
(cueO, mcop5578 and mcopBMB171/P0245 genes). The primers and GenBank
sequences used for primer design are described in Table S1. The following
bacteria were used as positive controls in PCRs: Bacillus thuringiensis
BMB171 (mcopBMB171/P0245 gene; GenBank accession no. CP001904.1), Lis-
teria monocytogenes 08-5578 (mcop5578 gene; GenBank accession no.
CP001603.1), Lactococcus lactis subsp. cremoris MB301 with pDBORO
plasmid (copB gene; GenBank accession no. DQ089807.2) and E. faecium
E289 (tcrB and cueO genes; this study). A positive amplicon from each
PCR was sequenced and compared with known GenBank sequences to
validate the method.
Isolates harbouring (n¼83) or lacking (n¼96) anyof the genes studied,
fromdifferent species, sources and dates of isolation andwith diverse anti-
biotic resistance phenotypes, were selected for Cu tolerance phenotypic
assays. The MICs were determined by the agar dilution method using
Mueller–Hinton II agar plates supplemented with CuSO4 adjusted to pH
7.2 (0.0156, 0.0312, 0.0625, 0.125, 0.25, 0.5, 4, 8, 12, 16, 20, 24, 28, 32
and 36 mM) as described previously.29 A 1 mL aliquot of a 107 cell suspen-
sion of each bacterium was applied to the CuSO4-supplemented
medium.29 The plates were incubated at 378C and read at 24 h. The first
CuSO4 concentration without visible bacterial growth was considered as
the MIC. E. faecium BM4105RF (negative for all genes tested; MIC of
CuSO4¼8–12 mM) was used as a control strain.10,14
Clonal relatedness
Clonality was established in representative E. faecium (n¼75), E. faecalis
(n¼20), E. hirae (n¼4), E. casseliflavus (n¼3) and E. gallinarum (n¼3) by
PFGE (SmaI enzyme). Strainswere selected based on the carriage of Cu tol-
erance genes, species, source, sample type, date of isolation and antibiotic
resistance phenotypes.20,30 Multilocus sequence typing (MLST) was also
performed for E. faecium (n¼45) and E. faecalis (n¼14) representative of
different PFGE types (http://www.mlst.net).
Conjugation assays
TransferofCu resistancewasanalysed for isolatescarryingtcrBand/orcueO
(E. faecium, n¼34; E. faecalis, n¼7; and other species, n¼3) or lacking
known genes, but exhibiting high MIC values of CuSO4 (≥16 mM, corre-
sponding to a concentration above the MIC for control strain E. faecium
BM4105RF; 21 E. faecium, 3 E. faecalis, 1 E. hirae and 3 Enterococcus spp.),
which belonged to different clonal lineages. It was performed by the filter-
mating method at a 1:1 donor:recipient ratio using E. faecium BM4105,
E. faeciumGE1or E. faecalis JH2-2 as recipient strains (all resistant to rifam-
picin and fusidic acid; E. faecium GE1 also resistant to tetracycline). Trans-
conjugants were recovered after incubation at 378C for 24–48 h from
plates of brain heart infusion agar supplemented with 30 mg/L rifampicin,
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25 mg/L fusidic acid plus other antibiotics (8 mg/L tetracycline, 8 mg/L
erythromycin, 6 mg/L vancomycin, 125 mg/L gentamicin or 8 mg/L ampi-
cillin) or in Mueller–Hinton II agar supplemented with 30 mg/L rifampicin,
25 mg/L fusidic acid and 8–16 mM CuSO4. Tolerance to Cu and co-transfer
of antibiotic resistance was confirmed at the phenotypic and genotypic
levels as described above.
Statistical analysis
Differences in the prevalence of Cu tolerance genes among species and
ecological niches and the distribution of antibiotic resistance among
Enterococcus with/without Cu tolerance genes were analysed using
Fisher’s exact test (a¼0.05) using GraphPad Prism software, version 6.0a.
Results
Prevalence of genes encoding Cu tolerance and
epidemiological background
In this study, 348 E. faecium, 321 E. faecalis, 75 E. hirae, 29 E. galli-
narum, 19 E. casseliflavus, 6 E. durans and 124 isolates that could
only be identified to the genus level were included. The tcrB and
cueO genes were detected in 15% (n¼137/922) and 14%
(n¼128/922) of Enterococcus, respectively (tcrB+cueO¼101,
tcrB¼36 and cueO¼27, corresponding to 62%, 22% and 16% of
the 164 isolates carrying Cu tolerance genes, respectively). These
genes were spread in different environments, with the highest oc-
currence found in piggeries (P,0.05; Figure 1). Both of themwere
more frequently found among E. faecium than among other
species (tcrB: 23%, 8% and 12% among E. faecium, E. faecalis
and other species, respectively; cueO: 25%, 5% and 9% among
E. faecium, E. faecalis or other species, respectively; P,0.05).
None of the other genes searched for was detected.
Susceptibility to CuSO4 and antibiotics
The MIC of CuSO4 was variable according to the species and the
presence/absence of Cu tolerance genes. E. faecium carrying tcrB
and/or cueO showed MIC¼12 to 36 mM for isolates carrying tcrB
(n¼11), MIC¼8 to 36 mM for those containing tcrB+cueO
(n¼33) and MIC¼12–24 mM for those carrying cueO (n¼19).
The CuSO4 MIC50 of these isolates was 24 mM, contrasting with
those E. faecium without Cu tolerance genes (MIC50¼12 mM)
(Table 1). For other species, the MIC50 was similar between the
group of isolates with and without Cu tolerance genes (E. faecalis,
32 mM; other species, 16 mM). The analysis of antibiotic resistance
profiles revealed that Enterococcus isolates carrying tcrB and/or
cueOwere more resistant to erythromycin, tetracycline, high con-
centrations of streptomycin or nitrofurantoin (P,0.05; Figure 2).
Clonal relatedness
MDR isolates fromdifferent species and belonging to several clonal
lineages were identified as carriers of tcrB and/or cueO genes.
Seventy-five E. faecium isolates (representing 75% of E. faecium
with tcrB and/or cueO) corresponded to 58 PFGE types. From
these, 37 isolates representing different PFGE typeswere identified
as sequence types (STs) previously included in the former desig-
nated clonal complex (CC) 17 and now belonging to ST18 (ST18,
ST132, ST431 and ST670) and ST78 (ST133 and ST393) clonal
lineages, as well as in CC5 (ST5, ST6, ST150 and ST185), CC9
(ST148), CC22 (ST32) and CC94 (ST94). Also, the STs ST19, ST30,
ST430, ST695, ST101, ST123, ST184, ST421, ST428, ST432, ST434
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Figure 1. Distribution of tcrBand cueO genes among the Enterococcus spp.
from different sources. *Occurrence of a given gene among all isolates
studied. **P,0.05 comparing piggeries with other niches.
Table 1. MICs of CuSO4 for different Enterococcus species
Species tcrB/cueO No. of isolates
MIC (mM)
MIC50 (mM)4 8 12 16 20 24 28 32 36 .36
E. faecium + 63 1 3 11 7 12 15 11 3 24
2 45 1 9 14 11 10 12
E. faecalis + 10 2 1 1 2 3 1 32
2 27 1 1 4 3 1 1 13 3 32
Other species + 10a 1 1 3 2 1 2 16
2 24b 5 5 4 2 1 2 5 16
aE. gallinarum (n¼1), E. casseliflavus (n¼3), E. hirae (n¼3) and Enterococcus spp. (n¼3).
bE. gallinarum (n¼3), E. casseliflavus (n¼1), E. hirae (n¼9) and Enterococcus spp. (n¼11).
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and ST583, and new STs ST798, ST845, ST846, ST847, ST848 and
ST859 not included in the clonal lineages described above were
found (Table 2). E. faecium with CuSO4 MIC ≥16 mM, but lacking
known Cu tolerance genes (n¼8) (six PFGE types), belonged to
the ST18 (ST18 and ST132) clonal lineage and to ST125 and
ST280. Twenty E. faecalis isolates (representing 71% of the E. fae-
caliswith tcrBand/orcueO)wereclassified in13PFGE typesbelong-
ing to CC2 (ST49, ST53, ST260 and ST288), CC21 (ST224) and four
singletons (ST16, ST74, ST330 and ST445). Four E. hirae isolates,
three E. gallinarum and three E. casseliflavus (representing 27%,
75% and 75% of the E. hirae, E. gallinarum and E. casseliflavus
with tcrB and/or cueO) showed two, three and three PFGE types,
respectively.
Conjugation assays
The transferabilityof tcrBand/orcueOwasachieved formostof the
strains studied (91%, n¼40/44) and transconjugants could be
obtained from medium supplemented with different antibiotics
(50%–100%) andCuSO4 (29%) (Table S2, available as Supplemen-
tary data at JACOnline).
All the transconjugants carrying tcrB and/or cueO presented
higher CuSO4 MICs (16–28 mM) than the recipient strains
E. faecium GE1 (MIC¼0.0156 mM) and E. faecium BM4105RF
(MIC¼8–12 mM). One transconjugant obtained from E. faecalis
JH2-2presented the sameMICas the recipient strain (TableS2). Re-
sistance to erythromycin (n¼52 transconjugants), tetracycline
(n¼38), high concentrations of streptomycin (n¼19), vancomycin
(n¼15), high concentrations of gentamicin (n¼9) and/or ampicil-
lin (n¼2) was also co-transferred with tcrB/cueO genes.
Enterococcus (n¼28; 21 E. faecium, 3 E. faecalis, 1 E. hiraeand3
Enterococcusspp.; all niches)withCuSO4MIC≥16 mM,butwithout
tcrB/cueO, were also included inmating assays in order to evaluate
if other transferablegenesencodingCu tolerancecouldbepresent.
Transconjugants of E. faecium GE1 obtained from matings with
E. faecium isolates of clonal lineages ST18, ST280 and ST125
after plating inmedium supplementedwith ampicillin or Cu exhib-
ited an increased CuSO4 MIC in comparison with the recipient
E. faecium GE1 strain (from 0.0156 to 16–20 mM). The same
was detected in a cueO-carrying clinical E. faecium from the
ST18 clonal lineage, whose transconjugant had a CuSO4 MIC of
12 mM, but not the cueO. Resistance to antibiotics was also
co-transferred to these transconjugants, namely to ampicillin
(n¼8), erythromycin (n¼4), vancomycin (n¼4), streptomycin
(n¼1) or gentamicin (n¼1) (Table S2). As ampicillin transfer is
a rare event, PFGE was performed to confirm the occurrence of
true transconjugants, which showed PFGE type patterns similar
to the recipient strain E. faecium GE1.
Discussion
This study documents the high occurrence of genes encoding tol-
erance to toxic concentrations of CuamongdifferentEnterococcus
clonal backgrounds, recovered from human, animal, environment
and food samples, andoften transferredwith antibiotic resistance.
Enterococcus spp. were only reservoirs of tcrB and cueO. These
genes have been previously found in other bacterial genera
(Table S1), indicating horizontal transfer among microorganisms
sharing common ecosystems, although the same could not be con-
cluded for the other Cu tolerance genes searched for (copBpDBORO,
mcop5578 and mcopBMB171/P0245). The higher prevalence of tcrB
among piggeries than among other animal production settings
where Cu is used at lower concentrations (e.g. poultry production
farms or aquacultures) suggests strong selection within this en-
vironment. The tcrB rates found were lower than those reported
for swine from Spain,8 Denmark8,14 and Australia,16 and higher
than those for Sweden and the USA.8,15 However, comparative
analysis should be taken cautiously because of differences in the
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Figure 2. Distribution of antibiotic resistance among Enterococcuswith (n¼164) and without (n¼758) tcrB and/or cueO. *P,0.05 (Fisher’s exact test).
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gentamicin; STR, high concentrations of streptomycin; NIT, nitrofurantoin.
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experimentaldesignof suchstudies,withmostof themconfined to
isolates recovered from specific hosts.8,10,15–17 The occurrence of
tcrB in Enterococcus from humans may be due to the acquisition
of strains from the food chain through different kinds of meals
(besides pork, tcrB was also observed in poultry meat, trout and
ready-to-eat salad isolates).
Acorrelationbetweenthe levelof resistanceand theoccurrence
of Cu tolerance genes was observed formost of theE. faecium iso-
lates,which showedMIC50 valuesof CuSO4 similar to those inother
studies (24 versus 22 mM).15,31 However, other Cu tolerance
mechanisms might also be present in this and other species, as
suggested by the increase (.1000 times) of the CuSO4 MIC for
E. faecium GE1 transconjugants that did not acquire tcrB and/or
cueO genes and by the frequent occurrence of high CuSO4 MICs
(above the MIC for the control E. faecium BM4105RF) for non-
E. faecium species lacking the genes searched for.
The distribution of the tcrB/cueO genes in different species and
diverse clonal lineages, aswell as successful transfer during conju-
gation assays, highlight the critical role of horizontal transfer in the
adaptation of Enterococcus spp. to toxic concentrations of Cu. The
prevalence of the cueO gene, first described in this study, was
similar to that of tcrB in isolates recovered from different sources,
as both genes were coidentified in most isolates. Their co-transfer
during mating assays, as well as the previous identification of a
plasmid carrying both genes (GenBank accession no. HM565231.1),
suggest they could often occur in the same genetic elements.
The identification of cueO in species other than E. faecium is
described here for the first time. Besides contributing to detoxifica-
tion processes when high concentrations of Cu are present in the
cell, multicopper oxidases also seem to be involved in the systemic
virulence of some bacterial genera32–34 and therefore specific
studies are needed to clarify the potential roles of cueO among
Enterococcus spp.
The use of high amounts of Cu is a current concern,35 particularly
after the demonstration of the selection of thetcrB gene in pig-
lets,20 kg.10,15 This concern increases whentcrB is co-transferred
with antibiotic resistance genes, as previously demonstrated by
the occurrence of 175–194 kb plasmids carrying this gene along
with erm(B), encoding erythromycin resistance.14,15,31 Our results
not only confirm the co-transfer of Cu tolerance with erm(B), but
also describe the co-transfer of tcrB/cueO with genes encoding
resistance to other antibiotics, such as tetracycline or high concen-
trations of streptomycin. Interestingly, we also documented the
frequent co-transfer of Cu tolerance with resistance to first-line
antibiotics used to treat severe Enterococcus human infections,
such as vancomycin, gentamicin or ampicillin. For the first time,
we demonstrated the transfer of resistance to ampicillin along
with tcrB, cueO and, particularly, an unknown Cu tolerance mech-
anism in E. faecium recovered from different sources (e.g.
piggeries and clinical isolates) and belonging to important clonal
lineages associated with the nosocomial environment (e.g. ST18
clonal lineage).3 The several antibiotic resistance and Cu tolerance
genotypes observed in different transconjugants highlight the in-
volvement of diverse genetic elements in the maintenance of
MDR strains in different settings, which could be selected by both
antibiotics and Cu. Clonal studies on different Enterococcus
species revealed that tcrB/cueO are widespread in several PFGE
types, including STs associated with human infections (e.g.
E. faecium ST18 and ST78 clonal lineages and E. faecalis CC2) and
community sources.3,36
In summary, the use of Cu compounds as antiseptics or animal
feed additivesmight contribute to the selection andmaintenance
of Cu-tolerant MDR isolates in hospitals or farms. Of particular
concern is the co-selectionof resistance toCuandfirst-lineantibio-
tics used for the treatment of severe enterococcal infections,
such as glycopeptides, ampicillin and high concentrations of ami-
noglycosides. More studies are needed to evaluate the critical con-
centrations of Cu for the selection/maintenance of MDR strains in
different environments and to better understand the role of
some genes in the adaptation of Enterococcus spp. to different
hosts.
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Table S2. Co-transfer of copper and antibiotic resistance genes and transconjugants recovered from 
plates supplemented with different compounds. 
Compounds 
used as 
selective agent 
Positive 
mating assays 
(%) and 
species  
  % of wild strains 
transferring CuT 
genes a, b, h, k 
Transconjugants 
CuT genesk
CuSO4 
MIC  
ABR phenotype/genotype i, j 
Erythromycin  25/25 (100%) 25/25 (100%) 
(8mg/L)  E. faecium SN522, SN534, 
SN545, SN592 
tcrB+cueO 24 ERY [erm(B)] , FA, RIF 
 SN180, SN341,
SN427, SN559, SN594 
tcrB+cueO 20, 16 ERY [erm(B)], TET [n=4, tet(M), 
tet(L); n=1, tet(L)], FA, RIF 
 F57e, C618, E273 tcrB (n=1), 
tcrB+cueO (n=2) 
24 ERY [erm(B)], TET [n=3, tet(M), 
tet(L)], STR (aadE), FA, RIF 
  C384 tcrB+cueO   ERY [erm(B)], CHL, TET [tet(M), 
tet(L)], STR (aadE), FA, RIF 
  E289 tcrB+cueO  28 ERY[erm(B)], GEN, TET [tet(M), 
tet(L)], STR (aadE), FA, RIF 
  E1, E15c, E64 tcrB+cueO  28 ERY [erm(B)],VAN (vanA),  STR 
(aadE) 
 C75, C402 tcrB+cueO  24 ERY [erm(B)], VAN (vanA), FA, 
RIF 
 SN573, SN558 tcrB+cueO , tcrB ERY [erm(B)], VAN (vanA), TET 
[tet(M)], STR (aadE) (n=1) 
E. faecalis F812 tcrB+cueO   ERY [erm(B)], TET [(tet(M), 
tet(L)], STR (aadE) , FA, RIF 
  F742 tcrB+cueO   ERY [erm(B)], STR (aadE), FA, 
RIF 
E. gallinarum SN694 tcrB  ERY [erm(B)], GEN, TET  [tet(M), 
tet(L)], FA, RIF 
  F392 tcrB  ERY [erm(B)], TET [(tet(M), 
tet(L)], FA, RIF 
Tetracycline  20/23 (87%) 18/20 (90%) 
(8mg/L) E. faecium F577 tcrB+cueO  28 TET [tet(M), tet(L)], FA, RIF 
  SN71, SN341, SN534, 
SN594, MED43C1 
tcrB+cueO  28 TET [n=2, tet(M); n=3, tet(M), 
tet(L)], ERY [erm(B)], FA, RIF 
 SN573 tcrB+cueO   TET [tet(M)], STR (aadE), FA, RIF 
  C384f  tcrB+cueO   TET [tet(M), tet(L)], ERY 
[erm(B)], CHL, FA, RIF 
 E86, E273 tcrB+cueO   TET [tet(M), tet(L)], ERY 
[erm(B)], STR , FA, RIF 
  SN558 tcrB 20 TET [tet(M)], ERY [erm(B)], VAN 
(vanA), FA, RIF 
E. faecalis F651 tcrB+cueO   TET [tet(M), tet(L)], FA, RIF 
  F812f   tcrB+cueO  28m TET [tet(M), tet(L)], ERY [erm(B)] 
  F663 tcrB+cueO   TET [tet(M), tet(L)], GEN [aac(6’)-
Ie-aph (2’’)-Ia], FA, RIF 
  F742f  tcrB+cueO   TET [tet(M), tet(L)], ERY 
[erm(B)], STR (aadE), FA, RIF 
  F806 f tcrB+cueO   TET [tet(M), tet(L)], ERY 
[erm(B)], GEN, STR (aadE), FA, 
RIF 
E. gallinarum F392 tcrB  TET [tet(M), tet(L)], ERY 
[erm(B)], FA, RIF 
 Enterococcus 
spp 
SN150c tcrB+cueO   TET [tet(M)],  ERY [erm(B)], GEN 
[aac(6’)-Ie-aph (2’’)-Ia)], FA, RIF 
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Compounds 
used as 
selective agent 
Positive 
mating assays 
(%) and 
species  
  % of wild strains 
transferring CuT 
genes a, b, h, k 
Transconjugants 
CuT genesk
CuSO4 
MIC  
ABR phenotype/genotype i, j 
Ampicillin  12/12 (100%) 11/12 (92%) 
(16mg/L)  E. faecium SN71 g, SN148g  tcrB+cueO  28 AMP (pbp5), FA, RIF 
H28798 g,l Unknown 20 AMP (pbp5), ERY [erm(B)], STR 
(aadE), VAN (vanA), FA, RIF 
E233g,l, E169g,l, E4g,l, 
H207g,l 
Unknown 16, 20 AMP (pbp5), FA, RIF 
E49 g tcrB 32  AMP (pbp5), VAN (vanA), FA, 
RIF 
VD79C1g,l Unknown 20  AMP (pbp5), ERY [erm(B)],  
GENT[aac(6’)-Ie-aph (2’’)-Ia], 
VAN (vanA), FA, RIF 
H323g,l, HPH2g,l Unknown 16, 20  AMP (pbp5), ERY [erm(B)],VAN 
(vanA), FA, RIF 
Gentamicin  2/4 (50%) 2/2 (100%) 
(125mg/L) E. faecalis F812f tcrB+cueO  GEN, TET [tet(M), tet(L)], FA, RIF 
 SN122d, f  tcrB+cueO  GEN, ERY [erm(B)], FA, RIF 
Vancomycin  7/7 (100%) 4/7 (57%) 
(6mg/L)  E. faecium SN573 tcrB+cueO   VAN (vanA), TET [tet(M)], FA, 
RIF 
  C75 tcrB+cueO   VAN (vanA), ERY [erm(B)], GEN 
[aac(6’)-Ie-aph (2’’)-Ia], FA, RIF 
 C402 tcrB+cueO  24 VAN (vanA), ERY [erm(B)], STR 
(aadE), FA, RIF 
  H305 tcrB+cueO   VAN (vanA), ERY [erm(B)], FA, 
RIF 
Copper sulphate  8/28 (29%) 8/8 (100%) 
(8-16 mM) E. faecium SN71 tcrB+cueO  28 (-) 
  MED43C1, SN427, 
E289 
tcrB+cueO  24, 28 ERY [erm(B)], GEN (n=1) 
[(aac(6’)-Ie-aph (2’’)-Ia], TET 
[n=1, tet(M); n=2,  tet(L)], STR  
(aadE), FA, RIF 
  SN558 tcrB 28 VAN (vanA), FA, RIF 
  H305 tcrB+cueO  24 ERY [erm(B)], VAN (vanA), FA, 
RIF 
  C402 tcrB+cueO  24 ERY [erm(B)], STR  (aadE), VAN 
(vanA), FA, RIF 
  H70411e,g Unknown 12 AMP, ERY [erm(B)], VAN (vanA), 
FA, RIF 
a Strains marked in bold originate tranconjugantes to which CuSO4  MICs were determined. 
b Underline wild strains were used in matting assays with more than one compound. 
c Negative conjugation in mating assays with gentamicin. 
d Negative conjugation in mating assays with tetracycline. 
e Negative tranfer of tcrB and/or cueO to recipient strains. 
f Positive conjugation with recipient  E. faecalis JH2-2. 
g Positive conjugation with recipient E. faecium GE1. 
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h All strains without the sign "f" or "g"  had a positive conjugation with recipient E. faecium 
BM4105RF.  
i ABR, antibiotic resistance, VAN, vancomycin; AMP, ampicillin; ERY, erythromycin; ; 
TET, tetracycline; CHL, chloramphenicol; GEN, high level of resistance (HLR) to 
gentamicin; STR, HLR to streptomycin; FA, fusidic acid; RIF, rifampicin. 
j Only acquired resistances. 
k CuT, copper tolerance; Isolates designated as "SN" are from swine/piggeries, as "F" from 
poultry,  as "C" or "MED" from healthy humans, as "E" from  hospital sewage, as "H" from 
hospitalized patients. 
l Isolates without tcrB and/or cueO but with a CuSO4 MIC 16mM 
m The MIC of the recipient E. faecalis JH2-2 was also 28mM. 


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ABSTRACT 
This study provides a snapshot of the occurrence of different merA (mercury) genes among 
Enterococcus spp. from several sources and of their ability to be spread with antibiotic 
resistance and copper tolerance genes. Enterococcus (n=918) from different species and 
human, animal, food and environmental sources from Portugal (1996-2012) were included. 
Antimicrobial susceptibility/conjugation assays were performed by standard procedures, 
screening of mercury, copper and antibiotic resistance genes by PCR, and clonality by 
PFGE/multilocus-sequence-typing. Enterococcus carried two types of merA genes (3%-
merA2, mainly E. faecium; 2%-merA3, mainly E. faecium and E. faecalis; p<0.05) also found 
in other members of Firmicutes phylum. Similar rates were observed in human, animal, food 
and environmental isolates (p>0.05). They were detected in diverse clonal lineages including 
those associated with human infections (e.g., E. faecium- ST18; ST78). Isolates carrying 
merA were more resistant (p<0.05) to antibiotics [merA2-tetracycline-tet(M)/tet(L), 
streptomycin-aadE, ampicillin, nitrofurantoin; merA3-erythromycin-erm(B), ciprofloxacin, 
chloramphenicol, gentamicin- aac(6’)-Ie-aph-(2’’)-Ia] than other isolates.  Copper tolerance 
genes (tcrB, cueO) were also often detected with merA2. Transfer of merA2, tcrB, cueO and 
antibiotic resistance was detected in 75% of isolates carrying all these genes. This is the first 
comprehensive analysis showing the prevalence of four types of merA genes within 
enterococcal populations from diverse ecological niches and clonal lineages. Among multiple 
chemical challenges faced by microorganisms, pollution by mercury compounds, could also 
contribute to the maintenance of MDR strains in different environments.  
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INTRODUCTION 
Over the last two decades Enterococcus faecium and Enterococcus faecalis became 
increasingly important nosocomial pathogens worldwide, mostly including particular multidrug 
resistant (MDR) clonal lineages (Willems et al., 2012). In order to understand their increasing 
success, studies have mainly focused on the impact of antibiotic use in the selection of MDR 
strains, remaining the influence of other eco-challenges (e.g., metals and other biocides) less 
explored. Mercury (Hg) exists naturally in small amounts in the environment, but its levels 
have been rising worldwide by anthropogenic activities (e.g., pharmaceutical industry, 
pesticides) (Nascimento et al., 2003; EFSA, 2012). Once released, Hg undergoes a series of 
chemical and physical transformations as it cycles between atmosphere, land, and water. 
This phenomenon regularly exposes humans, plants, animals and their microorganisms to Hg 
by different routes (e.g., food chain)   (EFSA, 2012).  
The most common bacterial tolerance mechanism is the enzymatic reduction in Hg2+ to Hg0 
by the mercuric reductase (MerA) encoded by the merA gene. It is part of the mer operon 
encoding a group of proteins involved in the detection, scavenging, transport and reduction of 
Hg  (Nascimento et al., 2003; Mathema et al., 2011). Variation in structure and organization 
of mer operon as well as in sequences of individual genes (e.g., merA) were reported among 
different bacteria, pointing to their mosaic nature (Osborn et al., 1997, Moller et al., 2013). 
Two types of mer operons were mainly described including those conferring tolerance only to 
inorganic Hg salts (narrow type) or both to organomercurials and inorganic Hg salts (broad 
type) (Osborn et al., 1997, Nascimento et al., 2003; Mathema et al., 2011). Horizontal transfer 
among exchange bacterial communities seems to have contributed to the spread and 
evolution of mer operons (Osborn et al., 1997; Mindlin et al., 2002, with descriptions of 
different bacterial genera sharing the same mer genetic platforms (Mindlin et al., 2002) and 
bacteria of the same genus carrying different mer variants (Bogdanova et al., 1998; Stapleton 
et al., 2004). 
Among Enterococcus the distribution of mer operons or merA genes (often used to screen 
mer operons in several works) (Zscheck et al., 1990; Ojo et al., 2004; Skurnik et al., 2010; 
Moller et al., 2013;) was scarcely studied. They were described in isolates recovered from a 
primate (Davies et al., 2005), clinical (Zscheck et al., 1990; Soge et al., 2008) and oral human 
samples (Soge et al., 2008). However, most of these works did not provide a comprehensive 
analysis of the prevalence of merA genes within the enterococcal populations from diverse 
ecological niches or of the clones involved in their spread along with antibiotic resistance or 
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other features. With this study we intended to have a snapshot of the prevalence of four types 
of merA genes spread in different bacterial genera among Enterococcus from several 
sources as well as their ability to be disseminated with antibiotic resistance and copper 
tolerance genes.  
METHODS 
Epidemiological background, species identification and study of antibiotic 
susceptibility. Nine hundred and eighteen isolates were obtained from different sources 
(hospitalized and healthy humans, animals, foods, sewage, and environment) of the North, 
Centre and South of Portugal during 1996-2012. Samples were collected from i) hospitalized 
humans (108 clinical isolates from different patients at 5 hospitals), ii) healthy humans (125 
from feces of 79 individuals); iii) environment (49 isolates from 16 water samples from 
hospital sewage, 3 isolates from 2 water samples of an urban river) (iii) food for human 
consumption (155 isolates from 75 poultry carcass lots of 11 brands sold across Portugal, 27 
isolates from 7 lots of muscle/viscera of rainbow trout sold in 4 supermarkets and 2 samples 
from an aquaculture), 21 isolates from 18 ready to eat salads of 7 brands; and iv) the animal 
production setting (232 isolates from 71 samples of 6 piggeries animal feces/skin, animal 
residues, feed/drinking water, air, facilities walls/floors/equipment/dust; and 198 isolates from 
41 samples of 2 trout aquacultures water/sediment, feed samples). 
Enterococcus were identified by standard methods (Gram, catalase, esculin hydrolysis, 
growth in NaCl 6,5%) and PCR (E. faecium, E. faecalis, E. gallinarum, E. casseliflavus, E. 
durans, E. hirae) (Novais et al., 2013). Susceptibility to vancomycin, ampicillin, tetracycline, 
erythromycin, ciprofloxacin, chloramphenicol, nitrofurantoin and high concentrations of 
gentamicin and streptomycin was determined by agar dilution or disk diffusion methods 
following CLSI guidelines (CLSI, 2011). The search of genes coding for resistance to 
glycopeptides (vanA, vanB, vanC1, vanC2), macrolides [erm(A), erm(B), erm(C)], 
tetracyclines [tet(M), tet(L), tet(O), tet(K), tet(S)], aminoglicosides [aac(6’)-Ie-aph (2’’)-Ia, 
aadE] and tolerance to copper (tcrB, cueO) was performed by PCR as described (Novais et 
al., 2013, Silveira et al., 2013). Part of the isolates analyzed in this work corresponds to 
Enterococcus from previous surveillance studies and were selected from each source based 
in the following features: different samples, species and antibiotic resistance profile (Novais et 
al., 2004, Novais et al., 2005a; Novais et al., 2005b; Novais et al., 2005c, Novais et al., 2006; 
Novais et al., 2013). 
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Search of mercury tolerance genes. Four merA genes types, to which we randomly 
attributed the numbers 1, 2, 3 and 4 for distinction, were searched by PCR. The merA types 
(merA1, merA2 and merA3) selection was based on their occurrence in the genomes of 
different Enterococcus species as well as in other bacteria genera available at GenBank 
database, pointing to their mobilization among microorganisms potentially sharing the same 
ecosystems. The merA4 is extensively spread among Gram-negative bacteria, which also 
share the same ecosystems with Enterococcus (e.g., Enterobacteriaceae). Other criterion for 
this merA types selection was their inclusion in mer operons representing narrow (merA2, 
merA3) and broad (merA1, merA4) spectrum variants (Mathema et al., 2011; Nascimento et 
al., 2013). The merA1 allele has 64-68% of amino acid identity with merA2 and merA3 and 
the latter of 76% among each other. Primers, Genbank sequences used for primer design 
and bacterial genus where they were previously described are indicated in Table 1. Positive 
amplicons from each PCR were sequenced and compared with known GenBank sequences 
to validate the method. 
Clonal relatedness. Clonality was established by Pulsed-Field-Gel Electrophoresis (PFGE; 
SmaI enzyme) in merA positive E. faecium and E. faecalis representative of different sources 
(Tenover et al., 1995; Novais et al., 2005a). PFGE was not applied when only a single isolate 
of a species was available or when the species could not be determined. Multilocus 
Sequence Typing (MLST) was also performed for E. faecium and E. faecalis representative of 
different PFGE types (http://www.mlst.net). 
Conjugation assays. Transfer of different merA alleles was analyzed for isolates 
representative of different sources and included 5 E. faecalis and 9 E. faecium. It was 
performed by the filter mating method at a 1:1 donor-recipient ratio using E. faecium strain 
BM4105RF, E. faecium GE1 or E. faecalis JH2-2 as recipients strains (all resistant to 
rifampicin and fusidic acid; E. faecium GE1 also resistant to tetracycline; all merA negative). 
Transconjugants were recovered after incubation at 37ºC for 24-48h from plates of Brain 
Heart Infusion (BHI) agar supplemented with 30mg/L of rifampicin, 25mg/L of fusidic acid plus 
other antibiotics (8mg/L of tetracycline, 8mg/L of erythromycin, 6mg/L of vancomycin, 10mg/L 
of ampicillin) or 16mM copper sulphate. Most of transconjugants were recovered in previous 
studies (Novais et al., 2005a,b,c; Novais et al., 2013; Silveira et al., 2013;). They were 
confirmed by the presence of merA genes by PCR and resistance to rifampicin and fusidic 
acid by disk diffusion (CLSI, 2011). Co-transfer of antibiotic resistance was confirmed at 
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phenotypical and genotypical level, as described above. 
Statistical analysis. Differences in the prevalence of merA genes among species or 
ecological niches as well as the prevalence of antibiotic resistance among isolates with and 
without merA were analyzed by Fisher exact test (α = 0.05) using the GraphPad Prism 
software, version 6.0a.  
RESULTS AND DISCUSSION 
Two merA alleles are spread among Enterococcus from several species, clonal 
lineages and sources. Only merA2 and merA3 genes were detected and with low 
prevalence rates (3%-n=29/918; 2%-19/918, respectively) (Table 2). With exception of one 
clinical E. faecalis carrying both genes, they were observed in different isolates. Amplicons of 
merA2 and a merA3 showed 100% and 99% of nucleotide identity with Enterococcus faecium 
strain E0680 (Genbank accession no. AHWN01000031.1) and Enterococcus faecalis 
664.1H1 (previously identified as E. faecium)  (Genbank accession no. AY351675.1), 
respectively. 
With exception of poultry and ready-to-eats salads, where none of the merA genes were 
found, and of merA3 in piggeries, the distribution of merA2 (piggeries-9%, trout for human 
consumption-4%, healthy human-3%, hospital sewage-2% aquaculture environment-1%, 
clinical isolates-1%) or merA3 (trout for human consumption-11%, clinical isolates-9%, 
hospital sewage-6%, healthy human-2%, piggeries-0.4%) among other environments/hosts 
was similar (p>0.05). 
The merA2 (n=29 isolates) was more frequently found among E. faecium (83% versus 7% in 
E. faecalis and 11% in other species-E. hirae, Enterococcus spp.) (p<0.05). The merA3 
(n=19) presented similar rates between E. faecium and E. faecalis (45% and 40%; p>0.05) 
but lower in other species-E. gallinarum, E. casseliflavus, Enterococcus sp (15%; p<0.05). 
Clonality studies revealed 17 PFGE types among E. faecium (n=18) studied and 5 among E. 
faecalis  (n=5) (Table 2). E. faecium belonged to ST18 (ST18, ST132, ST431), ST78 (ST393) 
clonal lineages, CC5 (ST185), ST430 and the singletons ST846, ST859. E. faecalis studied 
(n=5) were identified also in different ST. 
Two merA variants were spread among Enterococcus from different settings, species and 
clonal lineages, including those associated with human infections. This wide distribution was 
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not surprising as several studies have been showing a remarkable spread of merA genes 
across multiple microorganisms from different environments (including pristine ones), which 
have been suggested to be continuously selected/maintained by worldwide spread of 
mercury compounds (Stapleton et al., 2004; Soge et al., 2008; Rydberg et al., 2010; Skurnik 
et al., 2010; Mathema et al., 2011; Boyd et al., 2012; Kim et al., 2012; Moller et al., 2013). 
The analysis of gene databases spotted both merA2 and merA3 in several Gram-positive and 
Gram-negative belonging to Firmicutes phylum (merA2-Streptococcus, Dialister; merA3-
Aerococcus) (Table 1). Although we did not found merA1, Soge et al. (2008) also identified 
this gene in Enterococcus, Streptococcus, Enterobacteriaceae and non-fermenter bacilli. The 
ubiquitous nature of Enterococcus, their ability for genetic exchange with microorganisms 
sharing the same ecosystems and adaptation to environmental challenges (Zscheck et al., 
1990; Silveira et al., 2013; Werner et al., 2013) might explain the merA types found and their 
spread by different sources. Considering the mosaic nature of mer operons previously 
described as well as the possibility of the occurrence of vestigial merA genes (Osborn et al., 
1997), more comprehensive molecular studies are needed to understand the functionality of 
the operons carrying the merA observed as well as the co-evolution of the genetic platforms 
carrying them among several bacterial hosts. The low prevalence of the merA genes detected 
(2-3%) was similar to a previous work reporting 4% of merA genes among Firmicutes (Moller 
et al., 2013). This result could be related to the occurrence of other merA variants not 
searched, considering the existence of more than 200 MerA homologs encoding for the 
mercuric reductases subunits described (Boyd et al., 2012) or to a limited selective pressure 
imposed by mercury in the environments studied.   
The detection of Enterococcus carrying merA from aquatic to terrestrial environments, among 
human and animals and within diverse sample types per setting (Table 2) stresses the 
potential dispersion routes of isolates carrying these genes between different hosts, namely 
through food chain and/or environmental contamination. For example, Enterococcus carrying 
merA2 was detected in i) feed and trout from the same aquaculture, ii) feed, manure and dust 
of the same piggery, iii) hospitalized human and hospital sewage. Also, Enterococcus 
carrying merA3 were observed in trout from aquaculture, trout sold in supermarkets and 
healthy human faeces (Table 2). Depending on the exposure of each host/environment to 
different mercury concentrations across the transmission pathway (e.g., animal production 
setting-food-human), these strains could be more or less selected (environments are 
enriched in Hg tolerant microorganisms when Hg concentrations are increased) (Summers et 
al., 1993; Skurnik et al., 2010) and help to maintain other carrying adaptive features (e.g., 
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antibiotic resistance) in particular settings.  
The dispersion of merA genes among Enterococcus is linked to horizontal transfer and 
to antibiotic resistance. As a polyclonal population was associated with the dispersion of 
merA genes, horizontal transfer was studied for isolates representative of different species 
and merA alleles. Only merA2 was transferred (n=7 wild strains out of 11; 63%), which was 
detected in transconjugants along with resistance to tetracycline (n=7 transconjugants) or 
erythromycin (n=6) as well as with the clinical relevant antibiotics used for the treatment of 
enterococcal infections streptomycin (n=4), gentamicin (n=3), vancomycin (n=1) or ampicillin 
(n=1) (Table 2). The absence of merA3 in transconjugants could be explained by their 
occurrence in non-transferable genetic platforms or, alternatively, on genetic platforms 
without genes coding for resistance to the antibiotics or copper sulphate used in selection 
media, thus preventing their recover. 
In order to evaluate if all wild enterococcal population with merA genes reflected the results 
found in transconjugants, antibiotic resistance patterns were compared between wild strains 
carrying merA2 (n=29) or merA3 (n=19) with those without merA (n=871) genes. Interestingly, 
Enterococcus carrying merA2 were also more resistant to tetracycline [tet(M), tet(L)], high 
concentrations of streptomycin (aadE), ampicillin (not associated with blaZ) or nitrofurantoin 
than merA negative isolates (p<0.05) (Figure 1; Table 2). Similar antibiotic resistance patterns 
to this study were detected by Summers et al. (1993) for mercury tolerant Enterococcus 
recovered from oral and intestinal samples of primates after the use of dental amalgams with 
mercury. On the other hand Enterococcus carrying merA3 were more resistance to other 
antibiotics as erythromycin [erm(B)], ciprofloxacin, chloramphenicol or high concentrations of 
gentamicin [aac(6’)-Ie-aph (2’’)-Ia] (p<0.05) (Figure 1; Table 2). The often association of 
tetracycline, erythromycin, beta-lactams or aminoglicosides resistance genes with merA in 
Gram-positive and Gram-negative bacteria (Summers et al., 1993; Wireman et al., 1997; 
Ready et al., 2007), could be the result of a genetic “convergence” within different 
microorganisms of the primordial widespread merA platforms with others constantly selected 
by the vast used of these antibiotics in human and animal settings for several decades 
(Wiedenbeck et al., 2011; Baquero et al., 2013; Meyer et al., 2013).  
Our data also suggest that the co-dissemination of antibiotic resistance with merA genes is 
supported by variable genetic platforms as transconjugants present diverse antibiotic 
resistance phenotypes. Among those genetic platforms carrying merA genes, some seem to 
be potentially more widespread/stable in E. faecium (merA2) or both in E. faecium and E. 
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faecalis (merA3). Among Enterococcus, merA3 was previously described to be located in the 
same conjugative plasmid as aadk (streptomycin resistance) (Davies et al., 2005) and merA1 
within Tn5385, transporting genes coding for resistance to erythromycin (ermAM), gentamicin 
(aac6’-Ie-aph2’’-Ia), tetracycline [tet(M)] and penicillin (bla) (Rice et al., 1998) or Tn6009 
carrying tet(M) (Soge et al., 2008). However, most of our phenotypic/genotypic data related to 
merA alleles and antibiotic resistance seem to point to the occurrence of merA in other 
genetic elements/modules because merA1 was not found and half of the isolates with merA3 
are not resistant to streptomycin. 
Almost all merA2 carrying Enterococcus (mostly E. faecium) also harbour and transferred the 
genes tcrB and cueO coding for copper tolerance, recently evaluated in another study of our 
group (Table 2) (Silveira et al., 2013). This data along with the co-detection of 
tcrB/cueO/merA2 genes in few available GenBank sequences (e.g. AHWN01000031.1; 
AIUL01000023.1) suggests that they might be often located in the same genetic elements in 
E. faecium. Those merA2 carrying Enterococcus without tcrB and cueO were E. faecalis or E. 
hirae, potentially pointing for recombination events and/or different evolution of merA2 
platforms in different species. The merA2 type in E. hirae was not described at Genbank 
database, being this its first report. 
CONCLUDING REMARKS 
In summary, Enterococcus from different species and clonal lineages, including those often 
associated with human infections (e.g. E. faecium ST18/ST78) are reservoirs of two merA 
alleles. The contamination of different environments with mercury and/other metals (e.g., 
copper) as well as antibiotics might promote the selection of more fit strains to multiple 
challenges. More studies are essential to determine the minimum concentration of mercury 
and other metals able to select MDR strains and to understand the evolution and persistence 
of mobile genetic platforms potentially co-transporting genes coding for different adaptive 
features enabling bacteria to survive within different environments and hosts.  
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Table 1. Primers used for merA genes amplification. 
merA1_Fc ATGACTCAAAATTCATATAAAATAC 2893-2917 (AECE01000068.1) Ojo et al
merA1_Rc TTAGCCTGCACAACAAGATAA 1274-1294 (AECE01000068.1)
merA2_F GTCGGATGCGTTCCTTCTAA 33146-33165 bp (AHWN01000031.1) This sudy
merA2_R GACGCTCGCTTCTTTGAATC 32688-32707 bp (AHWN01000031.1)
merA3_F GGTTGGTTTAACAGAAGAACAAG 7494-7516  (AY351675.1) This sudy
merA3_R GCCATTGTTAAATATGGTGC 7744-7763 (AY351675.1)
merA4_F ACCATCGGCGGCACCTGCGT 64877-64896 (AB591424.1) Liebert et al 1997
merA4_R ACCATCGTCAGGTAGGGGAACAA 63671-63693 (AB591424.1)
Reference
478
270
1226
1644
Primer 
namea,b Sequence (5'-3')
Nucleotide position (Genbank 
accesion no.)
Amplicon 
size (bp)
aThe numeration 1, 2, 3  and 4  was attributed to distinguish the primers used to amplify different  variants of merA 
genes.  bExamples of bacterial genera carrying  merA genes variants amplified by each primer pair (the examples 
only include sequences with 98-100% of amino acid identity with the sequence used to design the primers): 
merA1-Enterococcus faecalis (EFU05581.1), Staphylococcus aureus (YP_006938295.1), Staphylococcus 
epidermidis (AAO03682.1), Staphylococcus hominis (WP_002487968.1), Klebsiella pneumoniae (ABY75610.1), 
Escherichia coli (AAU45402.1), Enterobacter cloacae (AAU45404); Acinetobacter junii (AAU45403.1);  merA2-
Streptococcus gordonii (YP_001449687), Streptococcus mitis (WP_001031941), Streptococcus sanguinis 
(WP_002933267), Streptococcus parasanguinis (WP_003009663), Dialister micraerophilus (WP_007556353), 
Enterococcus faecium (AHWN01000031.1); merA3-Enterococcus faecium (AAR10425.1), Enterococcus faecalis 
(EOL80227.1), Aerococcus viridans (EFG48778); merA4-Salmonella enterica (YP_001102037.1), Escherichia coli 
(YP_002891186.1), Aeromonas hydrophila (YP_006966054.1), Pseudomonas aeruginosa (EFQ39102.1), 
Pseudomonas putida (YP_007232234.1), Achromobacter xylosoxidans (AFU56929.1), Acidovorax sp 
(WP_008902870.1), Klebsiella pneumoniae (EKB62293.1), Acinetobacter sp (CAC80891.1). cThese primers also 
amplify merA2 gene with an amplicon 1063bp. As they present several nucleotide failures in the homology with 
merA2 sequence (ex: E. faecium EnGen0019 strain E0680 GenBank accession no. AHWN01000031.1) we chose 
to search merA2 gene with merA2 primers pair.  With exception of two isolates only amplifying with merA2 primer 
pair, both combinations amplified the merA2 gene. 
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Figure 1. Distribution of antibiotic resistance among Enterococcus with merA2 (n=29), merA3 (n=19) and 
without merA genes (n=871). * p<0.05-Fisher exact test was used to compare antibiotic prevalence rates of 
Enterococcus carrying a specific merA with those without these genes. 
Abbreviations: VAN, vancomycin; TEC, teicoplanin; AMP, ampicillin; TET, tetracycline; ERY, erythromycin; 
CIP, ciprofloxacin; CHL, chloramphenicol; GEN, high concentrations of gentamicin; STR, high 
concentrations of streptomycin; NIT, nitrofurantoin. 
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3.3. Modularização de plataformas genéticas móveis portadoras de genes 
que codificam para tolerância a metais, compostos de amónio quaternário 
e/ou resistência a antibióticos 
Publicações, artigos submetidos para publicação e em preparação: 
3.3.1. Antibiotic resistance, copper and mercury tolerance genes are carried by RepA_N 
pLG1-like megaplasmids among Enterococcus from several origins and clones. 
3.3.2. First description of a multidrug-resistant ST17 Enterococcus faecium carrying a 
transferable Inc18-like::qacZ plasmid  
3.3.3. Different genetic supports for the tet(S) gene in Enterococci. 
Este capítulo engloba três estudos relacionados com a caracterização molecular de plataformas 
genéticas envolvidas na transferência horizontal de genes que codificam para tolerância a metais, 
compostos de amónio quaternário e/ou resistência a antibióticos. Nos três estudos é evidenciada a 
plasticidade genética de Enterococcus spp., portador de plataformas (plasmídeos e elementos de 
integração cromossomal) frequentemente modulares e envolvendo diversas sequências de 
inserção, nomeadamente IS1216. Os isolados integrados no estudo do ponto 3.3.1 foram 
selecionados dos trabalhos incluídos na secção anterior (3.2). Neste estudo foi efetuada a 
caracterização de plataformas portadoras de genes de resistência a antibióticos e de tolerância a 
vários metais, nomeadamente ao cobre e mercúrio. O estudo do ponto 3.3.2  avalia não só a 
dispersão de diferentes genes que codificam para tolerância a compostos de amónio quaternário, 
como caracteriza o elemento genético portador de qacZ. No estudo do ponto 3.3.3 foi efetuada a 
caracterização de elementos genéticos portadores de genes que codificam para a resistência à 
tetraciclina [tet(S)], sendo que o plasmídeo de um dos isolados deste estudo [portador de 
plataforma tet(S) tipo G]  tem co-localizado o gene qacZ, descrito no estudo do ponto 3.3.2. Neste 
último estudo, Eduarda Silveira participou na identificação da localização cromossomal ou 
plasmídica de tet(S) e na avaliação da transferência horizontal de Tn6000. 
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ABSTRACT 
Objectives: Widespread Enterococcus clones are associated with cumulative acquisition of genes 
encoding adaptive traits as resistance to antibiotics (ABR) and tolerance to metals (T). Copper (Cu) 
and mercury (Hg) are widespread in nature, mostly by anthropogenic activities, and could 
contribute for maintenance of ABR in different niches. We characterized genetic elements carrying 
CuT, HgT and ABR genes in strains from several origins. 
Methods: E. faecium-Efm (n=21; CC5, CC9, ST18 and ST78 clonal lineages as well as ST108, 
ST434, ST846, ST859) and E. faecalis-Efls (n=5; CC2, ST288, ST445, ST159) from humans 
(n=10), animal (n=12), hospital sewage (n=2) and food (n=2) were analyzed (1997-2010). They 
carried genes coding for reduced susceptibility to Cu (tcrB and/or cueO-n=23; MICCuSO4=24-
28mM), Hg (merA-n=9) and AB [tet(M)-n=12;  erm(B)-n=19; vanA-n=6]. Wild type strains and/or 
transconjugants carrying tcrB, cueO or merA were further analyzed. PCR, S1/I-CeuI-PFGE and 
southern blotting hybridization were used to search ABR, Cu/HgT and plasmid replicase/relaxases 
genes and determine their location. Cu/HgT genetic environment was studied by Long-PCR, RFLP 
and sequencing. In silico analysis of Enterococcus genomes available at the GenBank database 
carrying tcrB/cueO/merA genes was also performed. 
Results: All tcrB and/or cueO genes were located in plasmids of Efm (120-300kb) and Efls (75-
120kb), with a variable conjugation frequency (10-3-10-6). In strains carrying both genes (n=19/23) 
they were co-located in the same plasmid (Efm and Efls), which in six isolates, also carried merA 
(all Efm). A single Efm carried a merA in the chromosome and an Efls two different merA alleles 
(76% amino acid identity). Co-localized with tcrB/cueO/merA genes in the same plasmid were 
erm(B) (n=14), tet(M) (n=8), tet(L) (n=6), vanA (n=3), rep20/pLG1 (n=17, all Efm), rep1/pIP501 (n=3), 
rep2/pRE25/pEF1 (n=2) and/or relpEF1 (n=9, all Efm). The region containing tcrB, cueO and/or merA was 
flanked by IS (e.g. ISL3 family, ISEfm2, IS1216) in available sequences (this study and genomes in 
gene databases), occasionally containing cadmium or arsenic operons. Moreover, the 
tcrB/cueO/merA platforms were more commonly found among Efm (32%, n=85/264 available 
genomes) than among other species (2%, n=7/363; Efls, Enterococcus spp.). The reppLG1 was 
observed in 82% of these genomes (73 Efm, 2 E. durans), although a direct link (same contig) 
could not be established with tcrB/cueO/merA genes.  
Conclusions: Clonally unrelated Enterococcus of different niches often carry transferable 
megaplasmids (rep20/pLG1) containing genes encoding resistance to ABR and metals. The intensive 
use of AB (e.g., tetracyclines, macrolides) and Cu in animal production, and the environmental 
pollution by Hg might facilitate persistence and spread of multiresistant Enterococcus in community 
and, indirectly, the evolution of genetic elements by recombinatorial events, involving modules of 
genes potentially abundant in local metagenomes. 
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INTRODUCTION 
Enterococcus spp. are widely spread in nature and colonize different hosts (e.g., human, 
animal) (Werner et al., 2013). In the last decades, they were recognized as important 
hospital-acquired pathogens at global scale, particularly multidrug resistant E. faecium 
and E. faecalis clonal lineages (e.g. E. faecium-ST17/ST18/ST78; E. faecalis-CC2) 
(Willems et al., 2009; Willems et al., 2012). Genomic comparative studies on both species 
revealed the occurrence of diverse genetic content (e.g., related to antibiotic resistance, 
virulence, colonization) among specific groups of strains, illustrating the relevance of 
lateral gene transfer (LGT) to this diversity and enhanced survival to ecological 
differences (McBride et al., 2007; Wiedenbeck & Cohan, 2011; Coque et al., 2012; 
Lebreton et al., 2013; Werner et al., 2013). LGT among Enterococcus (within members of 
this genus or with other genera) is favoured by their inclusion in specialized exchange 
communities (GEC; dynamic interplay between groups of bacterial species, genetic 
elements and environments) frequent occurring in ecosystems (e.g. human/animal gut, 
food, clinical and animal production environment) under diverse selective pressures 
(Coque et al., 2012). Thus, each Enterococcus species are constituted by locally variable 
populations of clones with specific properties enabling adaptation to particular conditions 
and, therefore, diversely influenced by LGT with microorganisms of different GECs 
(Wiedenbeck & Cohan, 2011; Coque et al., 2012). 
The characterization of mobile genetic elements among Enterococcus have been mainly 
focused on those carrying relevant antibiotic resistance genes (Freitas et al., 2013, 
Werner et al., 2013), but other transferable adaptive features potentially contributing to 
endurance of specific clonal lineages or antibiotic resistance patterns (e.g., in clinical or 
animal production environment) still remain understudied (Hasman et al., 2002; Oho et al., 
2004; Laverde et al., 2011). Previous works from our and other groups unveiled the 
presence of diverse genes coding for copper (Cu; tcrB-efflux pump; cueO-multicopper 
oxidase) and mercury (Hg; diverse merA alleles-mercuric reductase) tolerance among 
Enterococcus from different origins (Hasman et al., 2002; Ojo et al., 2004; Silveira et al., 
2013; Silveira et al., manuscript in preparation). However, further characterization of the 
genetic elements associated with their often mobilization along with antibiotic resistance 
was not achieved. Cu and Hg are widely spread in nature, mainly due to anthropogenic 
activities (e.g., Cu-animal feed; Hg-industrial processes) and the selective pressure 
associated with their presence could have an impact in the maintenance of multidrug 
resistant Enterococcus, and indirectly, in their genomic modulation and evolution. In this 
context, we aimed to characterize the diversity and genetic plasticity of transferable 
elements carrying genes coding for antibiotic resistance and/or tolerance to Cu (tcrB, 
cueO) and Hg (two merA alleles) in Enterococcus from different origins. The analysis of 
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available genomes of Enterococcus and other bacterial genera of the same exchange 
communities was also performed to evaluate the occurrence and the variability of genetic 
regions containing tcrB, cueO and/or merA genes in a wider range of genetic 
backgrounds. 
METHODS 
Bacterial isolates and epidemiological background. Twenty-one E. faecium and 5 E. 
faecalis were selected from a large collection previously screened for the presence of 
different Cu and Hg tolerance genes (Silveira et al., 2013; Silveira et al., manuscript in 
preparation). Isolates were selected based on the presence of tcrB (efflux pump ATPase), 
cueO (multicopper oxidase) and merA (mercuric reductase) genes, origin, antibiotic 
resistance profile and clonality (Table 1). They were recovered from different biological 
products of hospitalized patients (n=6), hospital sewage water (n=2), healthy human 
faeces (n=4), poultry carcasses (n=3), swine and piggeries environment (n=9) and ready-
to-eat salads (n=2), during 1997-2010. They corresponded to different PFGE types (19 of 
E. faecium, 4 in E. faecalis) and sequence types (ST, 14 of E. faecium and 4 of E. 
faecalis), representing widespread hospital clonal lineages fitting in major BAPS groups 
[E. faecium clonal lineage 18 (ST18, ST132, ST640), 78 (ST393); E. faecalis CC2 
(ST49)], widespread in the animal setting [E. faecium CC5 (ST5, ST6, ST150)], or 
described occasionally [E. faecium CC9 (ST421), CC22 (ST32), ST108, ST434, ST846, 
ST859; and E. faecalis ST159, ST288, ST445]  (Willems et al., 2009; Willems et al., 
2012). Eighteen transconjugants carrying tcrB, cueO and/or merA were obtained from the 
26 Enterococcus [recipient strains E. faecium BM4105RF (n=17) or E. faecalis JH2-2 
(n=1); plasmid free] in previous studies  (Table 1) (Silveira et al., 2013; Silveira et al., 
manuscript in preparation). In these cases, the study of mobile genetic elements was 
performed in the transconjugants instead of wild strains to facilitate genetic analysis. 
Transconjugants expressed tolerance to CuSO4 (24-28mM) comparing with the recipient 
E. faecium BM4105RF (8-12mM) (Table 1). Acquired tolerance to CuSO4 was not 
possible to evaluate for the transconjugant obtained with the recipient E. faecalis JH2-2, 
as this strain has already high levels of CuSO4 tolerance (28mM). Conjugation frequency 
was calculated per E. faecium BM4105RF or E. faecalis JH2-2 recipient cells. The 
remaining 8 wild strains not able to transfer any metal gene were also included (Table 1).  
Localization of metal tolerance and antibiotic resistance genes. Plasmid or 
chromosomal localization of genes coding for copper (tcrB, cueO) or mercury (merA2 and 
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merA3; the numbers 2 and 3 were previously designated to differentiate two merA alleles 
with 76% of amino acid identity; Silveira et al., manuscript in preparation) tolerance as well 
as for resistance to glycopeptides (vanA), tetracyclines [tet(M), tet(L)] or macrolides 
[erm(B)] was studied by hybridization of PFGE S1 or I-CeuI digested DNA using standard 
procedures (Sambrok et al., 1989; Barton et al., 1995). PFGE was performed as 
described (switch time of 5s to 25s for 6h followed for 30s to 45s for 18h for S1-PFGE and 
5s to 35s for 22h for I-Ceu-PFGE) (Kaufman et al., 1998). The tcrB, cueO, merA2, merA3 
and antibiotic resistance gene probes included in hybridization assays were generated by 
PCR using positive controls (strains from our collection which genes were sequenced) as 
template DNA. Labelling and detection were carried out using the Gene Images AlkPhos 
Direct Labelling system kit, following the manufacturers’ instructions (Amersham GN/GE 
Healthcare Life Sciences UK Limited). Plasmid size was estimated using the DNA marker 
Low Range PFGE Marker (New England Biolabs, Inc., Ipswish, USA) and the Image Lab 
(TM) Software (BIO-RAD). 
Plasmid analysis. 
Classification of plasmids was based on the presence of specific modules for replication 
(rep-initiator proteins) and mobilization (relaxases). Relaxases (rel) were sought by a 
multiplex-PCR typing method which differentiates relaxases of the MOBQ, MOBP, MOBC 
and MOBV families related to 27 known plasmids (Garcillan-Barcia et al., 2009; Clewell et 
al., 2013, Freitas et al., 2013; Francia MV, unpublished data). Replication initiator proteins 
(rep) were investigated by amplification of 24 replicons, which allows discriminating 
among DNA sequences from more than 100 published Gram-positive plasmids (Jensen et 
al., 2010; Clewell et al., 2013, Freitas et al., 2013). Designation of rep and rel sequences 
pointed out the plasmid type in which they were initially identified, as well as the numeric 
nomenclature originally used by Jensen et al. (2010) or Freitas et al. (2013). Genomic 
location of the more prevalent rel/rep sequences found by PCR was determined by 
hybridization with specific probes in the same membranes used to evaluate metal 
tolerance and antibiotic resistance genes localization. Specific probes were created by 
PCR from DNA of reference plasmids. 
Characterization of tcrB, cueO and merA genetic environment. The characterization 
of tcrB, cueO or merA genetic environment was performed in isolates (n=9) representative 
of different sources, species, clones, carrying metal tolerance genes in different locations 
(plasmids with variable sizes, 75-300kb; chromosome) and with different plasmid contents 
(antibiotic resistance, metal tolerance, rep and rel genes) (Table 1, Table 2). A PCR 
mapping was performed using primers described in Table 2, which design was based in 
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genetic platforms carrying tcrB, cueO and/or merA available at the GenBank database 
(accession numbers described in Table 2). PCR conditions were 1mM of each primer, 
2.5mM MgCl2, 1x of reaction buffer, 0.4 mM of each deoxynucleoside triphosphate, 2.5U 
Takara LA Taq polymerase (Takara™ Bio Inc., Shiga, Japan). The amplification 
conditions were 25 cycles of 30s at 96ºC, 1 min at 55-60ºC, 1-5 min at 72ºC; 1 cycle 10 
min at 72ºC. The diversity of amplicons was established through comparison of PCR 
amplicons sizes, RFLP patterns (Taq I, AluI) and further sequencing of representative 
fragments. 
Bioinformatic analysis 
A comparative analysis of sequences and genetic syntheny detected in this study with 
those available in the Genbank dababase was performed using the searching basic local 
sequence alignment (BLAST) tool and the CLUSTALW algorithm for multiple sequence 
alignment provided by the National Center for Biotechnology Information (NCBI) and the 
European Bioinformatic Centre (EBI), respectively.  
RESULTS AND DISCUSSION 
Enterococcus from different sources and clonal lineages carry large conjugative 
plasmids with genes coding for antibiotic resistance, copper or mercury tolerance. 
The tcrB or cueO genes were located in plasmids in all cases, with size range of 120-
300bp for E. faecium and 90-120bp for E. faecalis (Table 1). In strains carrying both 
genes (n=19/26) they were co-located in the same plasmid (E. faecium and E. faecalis), 
which in six isolates, also harboured merA2 (all E. faecium). The merA3 gene was 
detected in an E. faecium chromosome or, along with a merA2, in an E. faecalis 75kb 
plasmid.  Despite tcrB, cueO and/or merA2, plasmids of most E. faecium and E. faecalis 
studied also carried variable antibiotic resistance genes, which included erm(B) in 13 
isolates, tet(M) in 8, tet(L) in 6 and vanA in 2. The merA2+merA3 were co-localized with 
erm(B) and van(A). In six isolates no antibiotic resistance genes were observed within the 
same plasmid as tcrB, cueO or merA genes. Plasmid analysis revealed the occurrence of 
several replicases and relaxases, with a higher prevalence for the rep20/pLG1 (n=19) 
followed by rep1/pIP501 (n=9) and/or rep2/pRE25/pEF1 (n=8). Other rep genes were occasionally 
observed: rep9/pAD1 (n=6), rep7/pK214/pT181/pUSA02 (n=4), rep18a/pEF418 (n=3), rep14a/pRI1-like (n=3), 
rep18b/pB82 (n=1), rep17/pRUM  (n=1), rep18c/pCIZ2 (n=2) or rep22/pHTbeta (n=1). The rel6/pEF1 was 
the most detected (n=13 E. faecium), followed by rel2/pCIZ2 (n=3), rep14a/pRI1-like (n=1), 
rel10/pLG1 (n=1), rel5/pAD1 (n=1) or rel8/pHTbeta (n=1). The hybridization with probes of the more 
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prevalent replicases (rep20/pLG1, rep1/pIP501, rep2/pRE25/pEF1) and relaxases (rel6/pEF1) obtained 
by PCR, showed that plasmids carrying tcrB/cueO/merA2 genes have, in most cases, 
rep20/pLG1 (n=17; all E. faecium, all sources with exception of ready-to-eat salads) and 
rel6/pEF1 (n=9; all E. faecium). Few strains also carried rep1/pIP501 (n=3) and/or rep2/pRE25/pEF1 
(n=2), and include an E. faecalis with merA2+merA3 but not tcrB/cueO. Conjugation 
frequency of these plasmids carrying Cu/Hg tolerance genes ranged between 10-3-10-6 
per recipient cell. Plasmids carrying the different metal tolerance genes were observed in 
E. faecium and E. faecalis from several clonal lineages, including those associated with 
human infections (E. faecium-ST18/ST78; E. faecalis CC2), and recovered from diverse 
ecological niches (human, animal, environment, food). Also, isolates from the same 
source carried plasmids with different contents  (genes coding for resistance to antibiotics, 
metal tolerance, replicases and relaxases) (Table 1). 
The co-localization of tcrB and antibiotic resistance genes [e.g. vanA, erm(B)] was 
previously described in plasmids of 175-194kb recovered from pig strains (Hasman et al., 
2002; Amachawadii et al., 2011; Amachawadii et al., 2013), although in these studies very 
few isolates were included and replicase and relaxases characterization was not 
performed. We showed that beside pigs, plasmids carrying Cu and antibiotic resistance 
genes were spread in diverse ecological niches and, occasionally, also carry merA2 allele 
involved in Hg tolerance. The occurrence/transfer of metal tolerance genes with tet and 
erm(B) (this and other studies) (Hasman et al., 2002; Amachawadi et al., 2011; Silveira et 
al., 2013) could be explained by the extensively spread of the latter by animal and human 
hosts (Aarestrup et al., 2000; Novais et al., 2013), due to the high consumption of 
tetracyclines and macrolides, and by their integration on transposable elements frequently 
involved in recombination events (Cochetti et al., 2008; Roberts et al., 2009). The 
vanA+tcrB+cueO occurrence in hospital sewage and nosocomial isolates could also be 
linked with the high rates of vancomyicn resistant Enterococcus and, consequently, 
availability of vanA in local metagenomes within Portuguese clinical environment (ECDC, 
2013; Freitas et al., 2013). 
E. faecium seems to be the main reservoir of tcrB, cueO and merA2 genes (Silveira et al., 
2013; Silveira et al., manuscript in preparation) and this specificity might be favoured by 
the spread of these genes by narrow host range pLG1 plasmids. The reppLG1 has been 
associated with large plasmids of variable size carried by E. faecium nosocomial strains 
(Laverde-Gomez et al., 2011; Rosvoll et al., 2012; Freitas et al., 2013) as well as by the 
globally spread ST5/CC5 E. faecium clone recovered from piggeries (Freitas et al., 2011). 
Their inconsistent size, detected in this and other studies was suggested to be related to 
genetic rearrangements (Freitas et al., 2011; Rosvoll et al., 2012), justifying the variable 
content found, including other replicases (rep1 and/or rep2 in two isolates). These 
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plasmids can enclose genes coding for virulence (Laverde-Gomez et al., 2011), antibiotic 
resistance (Laverde-Gomez et al., 2011; Freitas et al., 2011; Rosvoll et al., 2012) 
carbohydrate metabolism (Laverde-Gomez et al., 2011), pili (Laverde-Gomez et al., 2011) 
and/or metal Cu tolerance genes (Cu and Cadmium-Cd) (Laverde-Gomez et al., 2011; 
Freitas et al., 2011). These features, associated with their ability to transfer, might favour 
survival, selection and persistence of MDR bacteria in environments with selective 
pressures associated with diverse compounds (e.g., in animal production setting, sewage) 
as well as the colonization of different hosts, both human and animal. Of remark, the few 
E. faecalis with Cu/Hg tolerance genes included in this study did not carry pLG1 replicase 
as well as most of isolates from other species of our collection (e.g., E. gallinarum, E. 
casseliflavus) (data not shown), species with lower prevalence of tcrB, cueO or merA2 
tolerance genes (Silveira et al., 2013; Silveira et al, manuscript in preparation).  
In an attempt to evaluate the spread of tcrB, cueO, merA2 and reppLG1 in more than 500 
enterococcal genomes, a GenBank search of these genes was performed. This analysis 
revealed that tcrB, cueO and/or merA2 were are mainly carried by E. faecium (32%, 
n=85/264 available genomes) than in other species (2%, n=7/363; E. faecalis, E. durans, 
E. italicus, E. casseliflavus, E. hirae, Enterococcus sp.) corroborating previous local 
epidemiological results (Silveira et al., 2013; Silveira et al., manuscript in preparation). 
The reppLG1 was observed in 82% of these genomes (73 E. faecium, 2 E. durans).  
Although in most of these isolates it was not possible to establish a direct link between 
Cu/Hg tolerance genes and reppLG1 in the same contig, their high association rate along 
with our hybridization data, suggest that pLG1 plasmids could be the main spreaders of 
tcrB, cueO and/or merA2 genes among E. faecium and contribute for dissemination of 
antibiotic resistance in different ecological niches.  
Copper and mercury tolerance genes are inserted in modular platforms mediated 
by insertion sequences (IS) containing diverse genes coding for tolerance to 
different metals and shared by several members of the Firmicutes phylum.  Variable 
genetic regions containing metal tolerance genes were detected among the 9 
Enterococcus studied. In order to facilitate the description and discussion of our results 
and sequence data found in genetic databases we will divide the genetic platforms in 
three parts, accordingly with Figure 1 and 2. Part 1 corresponds to the right side and part 
2 to the left side of cueO gene (Figure 1). The part 3 is dedicated to merA3 genetic 
regions, detected in different isolates than those carrying tcrB and cueO (Figure 2). The 
sequences available at the Genbank database chosen for the in silico analysis were 
selected based on the possibility to connect Part1 to Part2, or Part 3 to arsenic operon.  
a) Part 1:
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On isolates of this study carrying tcrB and cueO (n=6) a region of ~11.4 kb connecting 
both genes was amplified in all cases, although four RFLP types were observed (Table 2). 
The CuSO4 tolerance phenotype demonstrated by these bacteria (24-28mM) suggests 
that one or both genes are inserted in functional operons, thus constituting a possible 
adaptive feature of these microorganisms to the surrounding environment. The 
sequencing of this amplicon (1 isolate) and the analysis of available genomes in gene 
databases showed that operons containing cueO or tcrB genes are often adjacent and 
flanked by different ISs, suggestive of composite transposons (Figure 1). The tcrYAZB is 
usually flanked in both sides by IS6 family transposases, including IS1216 in the right side 
(adjacent to tcrB gene or after a cluster of genes; our study and available sequences) and 
ISS1 or other transposases in the left side, closely to the tcrY gene. The gene cluster 
where cueO is inserted also contains a two-component system response regulator, a two-
component system histidine kinase (a basic stimulus-response coupling mechanism to 
allow organisms to sense and respond to changes in many different environmental 
conditions) (Stock et al., 2000; Thorsten et al., 2006) and a lipoprotein of unknown 
function. It is flanked by transposases of ISL3 family (e.g., as IS1251) in one or both 
sides, ISEfm2 (mutator family; left side of cueO) or none (left side of cueO). The two first 
options were observed both in isolates from this study as well as gene databases.  In one 
of the strains from this study, genes coding for death-on-curing protein (doc gene in figure; 
Fic Superfamily) and for an addiction module antidote (ama gene in figure; antitoxin MazE 
superfamily) were detected within an amplicon of ~6,4kb representing a cluster of genes 
positioned after tcrB and both genes were flanked by a resolvase and a IS1216 (Figure 1). 
The doc and ama genes are related to prophage maintenance system killer proteins, 
causing bacterial death when the plasmid is lost (Lehnherr et al., 1993). The search of 
these genes in the same enterococcal sequences carrying the cueO and tcrYAZB 
operons of gene databases selected for this study (Figure 1) revealed that proteins with 
36 to 58% of identity and belonging to Fic Superfamily (identified as death-on-curing 
protein) and MazE superfamily (identified as hypothetical proteins) were present in most 
of them, although its distance to tcrB gene was variable (~10-30kb), in the cases that this 
was possible to determine (data not shown).  
Partial sequences of cueO or tcrYAZB operons were also observed in other bacterial 
genera beside Enterococcus. The all module between the lipoprotein and cueO was 
detected in Listeria monocytogenes and was flanked on lipoprotein side by a IS from the 
ISL3 family  (IS1167) (GenBank accession no. NC_022046.1; NC_022051.1), as in the 
case of Enterococcus (IS1251). Some of the genes of tcrYAZB operon (>90% of amino 
acid identity) were detected in bacteria such Aerococcus viridans (94-97% identity with 
tcrY and tcrA; ADNT01000090.1), Streptococcus parauberis (94% identity with tcrB; 
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ALYM01000001.1), Streptococcus spp. (98% identity with tcrZ; NC_016749.1, 
EDT47861.1) and Weisella thailandensis (93% identity with tcrB followed by partial tcrA- 
91% identity, tcrY-87% identity and a IS from IS3 family; HE575152.1). 
b) Part 2:
The cueO left region also revealed that it is high recombinatorial with diverse IS (IS1485, 
IS6670, both of IS30 family, and DDE type transposases) or phage integrase. These 
elements seem to be related to insertion or variations of specific genetic modules 
(represented by coloured boxes in Figure 1), including genes coding for metal tolerance, 
as Hg or Cd. The module with merA2 gene (white box of Figure 1, type A), related with Hg 
tolerance, was detected in our isolates (within 4,5kb amplicon) as well as available 
sequences. This merA gene had 99% of amino acid identity with different species of 
Streptococcus (GenBank accession no. EID31437.1, YP_001449687.1, 
WP_002933267.1, EPR93890.1, WP_003009663.1), Dialister micraerophilus 
(WP_007556353.1) and 96% with Exiguobacterium sp. (CAA67822.1), the latter 
described to have Tn5085 (Mindlin & Petrova, 2013). However, besides merA2, 
Enterococcus, Streptococcus and Dialister only have a regulator gene (99-100% of amino 
acid identity with each other and 67% with Exiguobacterium sp.), lacking the transport Hg 
genes of Tn5085. The merA2 of all three genera sequences was flanked in the right side 
by a IS of ISL3 family and in the left side only by an Inverted Repeat of ISL3 (not 
annotated in the sequences of gene databases), suggesting a common acquisition of this 
genetic cluster. This organization was previously identified in Streptococcus (Stapleton et 
al., 2004) and ISL3 was suggested to be part of a composite transposon involved in the 
transfer of this operon. In Enterococcus merA2 negative sequences, a different merA 
(here designated as merA5; 68% of amino acidic identity with merA2) was observed along 
with a Cd operon, and was close to a phage integrase (BRE-C superfamily) (green box of 
Figure 1, types B, D and E). The module of green box (type B; Figure 1) also contained 
the transposon Tn1546 (glycopeptides resistance, VanA type) in some of the sequences. 
The merA5 as well as its regulator were only detected in Enterococcus, although the Cd 
tolerance protein gene was also observed in Carnobacterium sp. flanked by IS1216 
(YP_008714474.1). Furthermore, most of the modules  (pink, green and blue boxes of 
Figure 1) contained heavy metals translocate ATPases of E1-E2 superfamily. These 
ATPases were suggested to be related to the mobilization of diverse metals ions including 
Cd and Cu (blue box of Figure 1), cadmium, cobalt, Hg, lead and zinc (green box), and 
potentially to zinc, Cd, Hg, lead (pink box). Two of them were also detected in other 
bacteria genera beside Enterococcus, as Lactococcus (WP_003706759.1), Streptococcus 
(WP_003109030.1), Tetragenococcus (YP_004887839.1), Bavariicoccus 
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(WP_022797163.1) (98-99% amino acid identity; ATPase of the blue box) or in 
Lactobacillus (WP_010620832.1) (99% amino acid identity; ATPase of the green box). 
The region between integral membrane protein and a type II restriction enzyme (grey box 
of Figure 1, A to F) was also present in Listeria monocytogenes (GenBank accession no. 
NC_022046.1). 
c) Part 3:
 In our study the gene merA3 was observed in different isolates than those carrying the 
platforms described above, which was also corroborated by the sequences with this gene 
available at Genbank database (Figure 2). Although it has only 76% of amino acid identity 
with merA2 their regulator is very alike (95% identity). The merA3 found in a clinical E. 
faecalis from our study was integrated in a mer operon with a similar structure to the one 
previously identified in a E. casseliflavus (AY351675.1) from a primate isolate (Davis et 
al., 2005) and they are both flanked by two IS of ISL3-family, one only residual. In the left 
side of this operon a mucin binding protein (improves gut bacterial colonization) (Huycke 
et al., 2002) adjacent to an IS1062 (IS30 family) was identified. Other variants of this 
operon were observed in different sequences of E. faecalis (Figure 2), all flanked by the IS 
mentioned. Interestingly, our sequence as well as most of those analysed also had a 
variable region containing genes coding for arsenic (As) tolerance (Figure 2). The merA3 
reductase was further detected in Aerococcus viridans (99% amino acid identity; 
WP_003143766.1), although the other genes of the operon could not be analyzed. Also, 
the entire or partial arsA, arsR, arsD genes were detected in different Firmicutes 
(Streptococcus spp., Bavariicoccus spp., Listeria spp.) (WP_000781149.1; 
WP_022796166.1, YP_006674063.1; EPT44776.1, YP_006674061.1, WP_022796168.1; 
YP_006674060.1, WP_022796169.1). In two of E. faecalis included in this study the 
genetic environment of merA3 could not be determined as PCR reactions connecting 
merA3 to other expected adjacent genes were negative. In these cases merA3 could be a 
residual gene of merA operon or be inserted in an operon with a different genetic 
organization. 
Our experimental data and analysis of sequences available at the Genbank database 
suggest that tcrB, cueO and merA genes carried by Enterococcus and related to Cu and 
Hg tolerance, are located in genetic regions often carrying a diversity of further genetic 
determinants related to tolerance to other metals, as Cd and As. The detection of common 
modules (here considered common gene clusters) or at least genes (which themselves 
could be considered a module) in different Enterococcus strains as well as bacteria from 
diverse genera of Firmicutes phylum, points out for the importance of horizontal transfer 
among bacteria from the same genetic exchange communities, which can share similar 
lifestyles, e.g., face similar chemical challenges (e.g., metals). The possibility of long term 
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maintenance of pLG1 plasmids due to the presence of prophage maintenance killer 
systems associated with their potential to transfer, might increase their opportunity to 
recruit more available modules in local metagenomes, namely by homologous 
recombination associated with the large amount of IS present (Baquero, 2008). This 
increased recombination could also be favoured by the presence of diverse selective 
pressures, as some studies on Cupriavidus metallidurans and Pseudomonas putida have 
shown that exposure to heavy metals could increase the expression of transposases 
genes (Baquero, 2008; Haritha et al., 2009; Mijnendonckx et al., 2010).  
However, the detection of common modules in different sequences associated with partial 
IS (not functional for transposition) could indicate stabilization or domestication of clusters 
of genes via the rearrangement of these mobile elements within the plasmid. To 
understand the functionality of the metal tolerance genes within these modules, beside 
those coding for Cu tolerance to which we have phenotype results, would be relevant to 
determine if they still constitute adaptive features of these bacteria to surrounding 
environments or just fallen into the genome under a variety of circumstances, namely by 
invading phages or transposons (Wiedenbeck et al., 2011). For example merA2 or merA5 
gene clusters do not carry the Hg transporter genes classical described for Hg operons 
(Mindlin et al., 2013). Nevertheless, Stapleton et al. (2004) identified functional operons 
lacking these genes in Streptococcus (94% identity with merA2- EFN94808.1; 99% 
identity with merR-EFN94807.1), but only conferring 2- to 4- fold decrease to Hg 
susceptibility compared to merA negative isolates, which still would be beneficial under 
appropriated circumstances. Phenotype studies would also be necessary for cadmium 
and arsenic operons, the latter variable within the sequences analysed. 
CONCLUDING REMARKS 
In summary, pLG1-like plasmids seem to contribute to the spread of antibiotic resistance 
genes (e.g., tetracycline, erythromycin or vancomycin) in E. faecium, while in E. faecalis 
they are carried by other genetic platforms. Genes coding for tolerance to different metals 
are located in highly recombined genetic regions, within modular structures, as described 
for other bacterial genera both in plasmids and chromosome (Siezen et al., 2005; Davies 
et al., 2009; Houdt et al., 2009; Gomez-Sanz et al., 2013). If all the operons coding for 
metal tolerance are functional, the use or presence of different compounds (metals as Cu 
and Hg or antibiotics) could be contributing for the selection and maintenance of these 
genetic elements among Enterococcus, favouring their opportunity to recombine and 
capture clusters of genes involved in different adaptive features (e.g., antibiotic resistance, 
metal tolerance) to the surrounding environments or to the host (e.g., pili, virulence factors 
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as described in full pLG1 sequence) (Laverde-Gomez et al., 2011). More studies are 
needed to characterize the content of pLG1 plasmids and their relevance in the ecology 
and pathogenicity of Enterococcus. 
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ABSTRACT  
A qacZ was found in a transferable ~40kb Inc18-like plasmid carried by a MDR-E. faecium-
ST17 (hospital sewage) within a region containing Tn4001 and IS1216. MICs to 
benzalkonium chloride were higher in transconjugants than recipient strain (10-11 versus 
7,5mg/L). The data corroborates the genome plasticity of E. faecium to adapt to diverse 
environmental challenges and suggest that quaternary ammonium compounds residual 
concentrations could contribute to maintenance of specific MDR genetic platforms in E. 
faecium. 
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In the last decades Enterococcus, particularly specific multidrug resistant (MDR) clonal 
lineages (E. faecium-ST17, ST18, ST78; E. faecalis–ST6, ST40), became important 
nosocomial agents worldwide (Willems et al., 2012). The great ability to adapt to diverse 
environmental challenges contributed to their dispersion in nature and thus to the spread of 
antibiotic resistance among several community settings beside hospital units (Werner et al., 
2013; Lebreton et al., 2013). Along with the vast use of antibiotics, other compounds often 
present in human daily life, animal production setting and environment have been suggested 
to contribute for the selection of MDR strains (SCENIHR, 2009). Among them are the 
Quaternary Ammonium Compounds (QACs), a type of biocides widely applied in hospitals, 
industry, agriculture and household consumer products for different purposes (e.g., in 
disinfectants and cleaning products, food preservatives and cosmetic industry) (Buffet-
Bataillon et al., 2012). They are considered “hard antibacterial agents” due to their poor 
metabolization by organisms, retaining their biocidal properties when released in the 
environment (Kummerer et al., 2004; Tezel et al., 2011; Buffet-Bataillon et al., 2012). Despite 
QACs wide use, the prevalence and location of genes coding for tolerance to these 
compounds among Enterococcus, specially in particular Enterococcus MDR clonal lineages 
associated with human infections, remains scarcely explored (Kazama et al., 1998; Braga et 
al., 2011; Bishoff et al., 2012). The few studies available described qacZ in several 
Enterococcus species (Braga et al., 2011), small multidrug resistance genes (smr; also 
named qacC/D) or qacA/B in E. faecalis (Bishoff et al., 2012) and qacEΔ in an Enterococcus 
sp (Kazama et al., 1998).  In this study we analyzed the occurrence and distribution of 
different genes coding to QACs tolerance and, for the first time, characterized the genetic 
elements involved in their co-transfer with antibiotic resistance. 
Enterococcus (n=918; 345 E. faecium, 321 E. faecalis, 75 E. hirae, 29 E. gallinarum, 19 E. 
casseliflavus, 6 E. durans, 123 Enterococcus spp) recovered between 1996-2012 from 
different Portuguese sources (125 from healthy humans, 108 human clinical isolates, 49 
hospital sewage, 3 urban river, 232 piggeries, 198 aquacultures, 155 poultry, 27 rainbow 
trout, 21 ready-to-eat salads) and with variable antibiotic resistance patterns were included 
(Silveira et al., 2013). Diverse clonal lineages of E. faecium (ST17, ST18, ST78, CC5, CC9, 
CC22, CC94 as well as diverse singletons) and E. faecalis (CC2, CC21 and diverse 
singletons) were represented. The most described qac genes coding for QACs tolerance 
among Gram-positive (two smr genes; qacA/B, qacC/D, qacG, qacH, qacZ) or Gram-negative 
bacteria (qacEΔ), and previously associated with different genera or species (indicating 
mobilization) were searched by several PCR reactions (Figure 1)  (Nogushi et al., 1999; 
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Smith et al., 2008;). Only one E. faecium collected from the hospital sewage in 2002 carried 
the qacZ (coding only for QACs tolerance) previously identified among Enterococcus (Braga 
et al., 2011) (100% amino acid identity; Genbank accession nos. AE016833.1, EOI07701.1, 
EOM21028.1, EOM31912.1) and with 98% of amino acid identity with qacH (coding for 
QACs, ethidium bromide and proflavin tolerance) of Staphylococcus saprophyticus (Genbank 
accession no. CAA76544.1) (Heir et al., 1998; Correa et al., 2008). The E. faecium was 
identified as ST17, which belong to one of the main human adapted lineages within BAPS 
subgroup 3-3, and was resistant to ampicillin, tetracycline [tet(S), tet(M)], erythromycin 
[erm(B)], to high concentrations of gentamicin (aac6’-Ie-aph2’’-Ia) and streptomycin (aadE). 
These data contrast with the study of Braga et al. (2011), which found this gene in 33 out of 
73 Enterococcus studied (14 clinical and 19 dairy products isolates). However, the significant 
higher number of isolates and diversity of sources included in our study, more representative 
of Enterococcus population, suggests they are not important reservoirs of qacZ. 
The co-location of antibiotic resistance and QACs tolerance genes was determined by 
hybridization of I-CeuI and S1 nuclease-digested genomic DNA (Freitas el al., 2013) with 
specific probes [qacZ, tet(S), tet(M), erm(B), aadE, aac(6')-Ie-aph(2'')-Ia] (Silveira et al., 
2013). The presence of 11 replicase (rep) genes (rep1/pIP501, rep2/pRE25/pEF1, rep6/pAMx1, 
rep8/pAM373, rep14/pRI1-like, rep17/pRUM, rep18a/pEF418, rep18c/pCIZ2, rep20/pLG1, rep21/pVEF1/2, rep22/pHTbeta), 6 
relaxases (rel) genes (rel2/pCIZ2, rel3/pRUM, rel4/pLG1, rel7/Inc18, rel8/pHTbeta, rel9/pCF10) and 3 toxin-
antitoxin systems (Axe-Txe from pRUM, ω-ε-ζ from Inc18 plasmids and par from pAD1), 
representing prevalent plasmid families, was assessed by PCR and hybridization (Jensen et 
al., 2010; Freitas et al. 2013). The transfer of qacZ along with antibiotic resistance was 
evaluated by conjugation assays (Silveira et al., 2013) using E. faecium BM4105RF, E. 
faecium GE1, E. faecalis JH2-2 and Staphylococcus aureus 8325 as recipients (all rifampicin-
RIF/fusidic acid-FA resistant; qacZ negative). Transconjugants were recovered in BHI 
supplemented with RIF-30mg/L, FA-25mg/L, tetracycline-8mg/L, streptomycin-2000mg/L, 
gentamicin-125mg/L, erythromycin-8mg/L or ampicillin-10mg/L and confirmed by RIF/FA 
resistance and occurrence of qacZ. Co-transfer of antibiotic resistance was evaluated by 
phenotypic and genotypic assays (disk diffusion, PCR) (CLSI, 2011; Silveira et al., 2013). 
Benzalkonium chloride (BAC), one of QACs most widely used, was evaluated by agar dilution 
method (CLSI, 2011), repeating experiments 3 times for the wild strains, recipient and 
transconjugants. MICBAC indicated represent the average of the 3 experiments. The 
concentration range of BAC used was 0.015-12mg/L, with increments of 0,5mg/L per plate 
between 4 and 12mg/L (16h of bacterial incubation before their use; plates supplemented 
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with BAC read at 24h). The wild E. faecium carried 7 plasmids (size range of ca. 10-150 kb) 
and the qacZ gene was located in a 40kb transferable plasmid along with tet(S), aac(6')-Ie-
aph(2'')-Ia and aadE genes,  as well as a replicase of the Inc18 plasmid pRE25 (rep2/pRE25/pEF1; 
accession no. X92945) (Figure 2). Resistance to erythromycin was codified by erm(B) located 
in other plasmids of 70 and 20kb, the latter also carrying aadE (streptomycin resistance) and 
a replicase of the RepA_N family (rep17/pRUM). The plasmid of ~150kb carried rep20pLG1 
(RepA_N family) and a small one of ~10 kb a rel2/pCIZ2, both without antibiotic resistance 
genes searched. The qacZ carrying plasmid did not carry any toxin-antitoxin system. MICBAC 
was 10 mg/L for the wild strain and for the positive control strain E. faecalis V583, values 
similar to those previously described for this gene among Enterococcus (Braga et al., 2011).   
Transconjugants were only obtained with the recipient E. faecium BM4105RF and beside 
qacZ, they were all resistant to tetracycline, to high concentrations of gentamicin and 
streptomycin, and two of them, also to erythromycin. MICBAC was of 10-11 mg/L, contrasting 
with 7.5 mg/L of the recipient E. faecium BM4105RF.  
The qacZ genetic environment (~6kb) was characterized by long-PCR reactions including 
combination of primers for qacZ with others used to the search of antibiotic resistance genes 
or to the enterococcal genome wide spread IS1216 (Figure 1). The larger amplicons flanking 
qacZ on both sides were sequenced. Sequencing revealed qacZ within a recombined region 
flanked by IS1216 and adjacent to a partially sequenced Tn4001 (containing aac6’-Ie-aph2’’-
Ia coding for aminoglicoside resistance and flanked by IS256) (Daikos et al., 2003). Also E. 
faecalis V583 (the only sequence with qacZ which genetic environment was available at 
Genbank database) was flanked by a copy IS1216 in the left side of qacZ, as in our case, and 
another copy in the right side, after a replicase gene (AE016833.1). 
This is the first report of a Inc18-like transferable plasmid carrying a qacZ gene in ST17-E. 
faecium. These broad host range plasmids have been described to contribute to the genetic 
plasticity of Enterococcus in different settings (Jensen et al., 2010; Freitas et al., 2013, 
Werner et al., 2013) and to participate in the adaptation of this genus to environmental 
challenges, as antibiotics (Freitas et al., 2013; Werner et al., 2013). The great amount and 
diversity of nosocomial strains and mobile genetic elements within hospital sewage creates 
an opportunity for the occurrence of recombinatorial events, often mediated by IS, frequently 
resulting from genetic exchanges among organisms within bacterial communities (Baquero et 
al., 2008) and thus, for the shaping and diversification of genetic platforms. MICBAC detected 
were much lower than concentrations applied in disinfectants (e.g., 400-1000ppm) (Tezel et 
al., 2011), which can maintain their activity even in strains with qac genes. However, residual 
175
CAPÍTULO 3- Resultados e Discussão 


concentrations of BAC previously found in the environment (e.g. hospital sewage-5mg/L) or 
food (0,01-14,4mg/kg) (Kummerer et al., 2004, EFSA 2013), might contribute for the 
selection/maintenance of such genetic platforms carried by MDR strains.  
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Search of qac genes
smr1_Fa ATAAGTACTGAAGTTATTGGAAGT GQ900434.1 (417-57-41780)
smr1_Ra TTCCGAAAATGTTTAACGAAACTA GQ900434.1 (42019-42042)
smr2_Fa ACCGACAGCTGACCATGTTGCA HQ663849.2 (10487-10508)
smr2_Ra GCCTATTCCAACCGTTTCTGCCC HQ663849.2 (1579-1603)
qacA/B_F CTATGGCAATAGGAGATATGGTGT HE579074.1 (11256-11279)
qacA/B_R CCACTACAGATTCTTCAGCTACATG HE579074.1 (11648-11672)
qacG_F TTTCGTTTGGAATTTGCTTT Y16944.1 (1641-1660)
qacG_R AATGGCTTTCTCCAAATACA Y16944.1 (1834-1853)
qacH/Z_F 1 CAATAGTCAGTGAAGTAATAGGCAGTG Y16945.1 (1887-1913)
qacH/Z_R 2 TGTGATGATCCGAATGTGTTT Y16945.1 (2161-2182)
qacE_F ATCGCAATAGTTGGCGAAGT KF056330.1 (18919-18938)  
qacE_R CAAGCTTTTGCCCATGAAGC KF056330.1 (19125-19145)
PCR mappingb
qacH/Z_F 1 CAATAGTCAGTGAAGTAATAGGCAGTG Y16945.1 (1887-1913)
 +
IS1216_F ACCTTCACGATAGCTAAGGTT AB699882.1 (645-663) 2000 Hu et al., 2004
IS1216_R 3 AGGATTATATAAGAAAACCCG AB699882.1 (125-145) 2000, 2500 Hu et al., 2004
qacH/Z_R 2 TGTGATGATCCGAATGTGTTT Y16945.1 (2161-2182) Smith et al., 2008
 +
IS1216_F 4 ACCTTCACGATAGCTAAGGTT AB699882.1 (645-663) 860 Hu et al., 2004
aac6'-Ie-aph2''-Ia_R 5 GTCTTAAAAAACTGGCAATATCTCGTT GQ900487.1 (7251-7277) 4000 Vakulenko et al., 2003
Smith et al., 2008
Primer group and name Sequence (5'-3') GenbanK accession No. (nucleotide position)
Amplicon size 
(bp) Reference
284 Smith et al., 2008
Primer 
no.
295 Smith et al., 2008
226 Nogushi et al., 1999
Smith et al., 2008
115 This study
417 Nogushi et al., 1999
213
 Figure 1. Primers used to search diverse genes coding for quaternary ammonium compounds tolerance and for the 
characterization of qacZ genetic environment. aThe numbers 1 and 2 were attributed to differentiate distinct sequences 
with the same name. bNo amplicons were detected in PCR reactions including the  following combination of primers : 
qacH/Z_F plus tet(S)_F,  tet(S)_R, tet(M)_F, tet(M)_R, aac6'-Ie-aph2''-Ia_F, aac6'-Ie-aph2''-Ia_R, aadE_F or aadE_R; 
qacH/Z_R plus tet(M)_F, tet(M)_R, tet(S)_F,  tet(S)_R, aac6'-Ie-aph2''-Ia_F,  aadE_F, aadE_R or IS1216_R. The vertical 
lines in figure represent the limits of the fragment sequenced. The dashed lines represent part DNA fragment not 
sequenced. Abbreviations: AT- acetyl transferase GNAT family. 
P2 P1 
IS256 
IS1256 
qacZ 
IS1256 
ATaac6'-Ie-aph2''-Ia 
P1 P3 
P2 P4 
P2 P5 
4kb 
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Figure 2. Hybridization assays of S1 and ICeu-I digested DNA of the qacZ carrying E. faecium. Co-hybridization of qacZ, 
antibiotic resistance and rep2pRE25/pEF1 genes are signed by black arrows. Numbers 1 and 2 correspond to I-CeuI PFGE 
hybridization and numbers 3 and 4 of S1 PFGE hybridization. 1, 3- E. faecalis V583 (positive control strain to qacZ; pTEF1 
plasmid); 2, 4-Wild E. faecium strain (E241). 
7Kb 
23Kb 
48Kb 
146Kb 
97Kb 
194Kb 
I-CeuI S1 
M 1 2 3 4 1 2 3 4
qacZ tet(S) 
1 2 3 4
aac6’-Ie-
aph2’’-Ia 
1 2 3 4
aadE 
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rep2/pRE25/pEF1 
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Different Genetic Supports for the tet(S) Gene in Enterococci
Carla Novais,a,b Ana R. Freitas,a,c Eduarda Silveira,a Fernando Baquero,c,d,e Luísa Peixe,a Adam P. Roberts,f and Teresa M. Coquec,d,e
REQUIMTE, Faculdade Farmácia. Universidade do Porto, Porto, Portugala; CEBIMED, Faculdade Ciências da Saúde, Universidade Fernando Pessoa, Porto, Portugalb; Servicio
de Microbiología, Instituto Ramón y Cajal de Investigación Sanitaria (IRYCIS), Madrid, Spainc; Unidad de Resistencia a Antibióticos y Virulencia Bacteriana del Consejo
Superior de Investigaciones Científicas (CSIC), Madrid, Spaind; CIBER en Epidemiología y Salud Pública (CIBER-ESP), Madrid, Spaine; and Division of Microbial Diseases, UCL
Eastman Dental Institute, University College London, London, United Kingdomf
The diversity of tet(S) genetic contexts of 13 enterococci from human, animal, and environmental samples from different geo-
graphical areas is reported. The tet(S) gene was linked to either CTn6000 variants of chromosomal location or composite plat-
forms flanked by IS1216 located on plasmids (40 to 115 kb). The comparative analysis of all tet(S) genetic elements available in
the GenBank databases suggests that CTn6000 might be the origin of a variety of tet(S)-carrying platforms that were mobilized
to different plasmids.
The tetracycline resistome comprises over 1,189 genes identi-fied in more than 84 Gram-positive and 354 Gram-negative
species (17), which included 43 fully characterized tet genes cod-
ing for resistance to tetracycline by different mechanisms (http:
//faculty.washington.edu/marilynr). Genes involved in ribosomal
protection, such as tet(S), tet(M), tet(O), tet(Q), and tet(W), were
identified in conjugative transposons (CTns), phage-derived
structures, and/or conjugative plasmids (3, 4, 5, 11, 12, 16). The
tet(S) gene has been found among Firmicutes and gammaproteo-
bacteria from diverse ecological sources since the early 1950s (1, 2,
10, 11) (http://faculty.washington.edu/marilynr/tetweb2.pdf),
and several genetic platforms carrying tet(S), such as CTn6000,
CTn916S, pKL0018, and pK214, have been described (5, 9, 11).
Among enterococci, the genetic context of tet(S) has been charac-
terized in only a single Enterococcus casseliflavus isolate from ani-
mal origin (5, 15). In this work, we described the genetic platforms
of 13 tet(S)-carrying enterococci from different origins and geo-
graphical areas and compared them with sequences available in
GenBank databases. This study gives for the first time a snapshot
of the epidemiology and dynamics of the tet(S) gene by describing
its location in different CTn6000 variants differing in insertions
and deletions as well as in composite genetic platforms flanked by
insertion sequences. Such diversity of genetic platforms seems to
have facilitated its spread among diverse clonal backgrounds by
different recombinatorial processes.
Antibiotic susceptibility testing was performed by standard
methods (6), and characterization of other genes coding for
resistance to tetracycline [tet(M), tet(L), tet(K), and tet(O)]
was accomplished by PCR (1). Clonal relatedness was estab-
lished by pulsed-field gel electrophoresis (PFGE) and multilo-
cus sequence typing (MLST) (http://www.mlst.net) (14). The
13 enterococci carrying tet(S) were identified as Enterococcus
faecalis (n  5), Enterococcus faecium (n  3), Enterococcus
gallinarum (n  2), and other Enterococcus species (n  3).
Epidemiological details of the strains studied appear in Table 1.
Isolates expressed resistance to tetracycline (100%; n 13) and
minocycline (92%; n  12) and frequently also harbored
tet(M) (54%; n  7) or tet(L) (31%; n  4).
Hybridization of I-CeuI/S1-digested genomic DNA with tet(S)
and 23S rRNA probes demonstrated either a chromosomal (n 
5) or plasmid (n  8; 40 to 115 kb) location of the tet(S) gene
(Table 1) (8). Screening of CTns included the identification of
integrases and excisionases of different CTns previously found to
carry tet(S) as CTn6000 orCTn916 and further characterization of
the transposon’s backbone by PCR mapping based on available
sequences (Table 2 and Fig. 1) (13). The tet(S) gene was located at
a chromosome within platforms carrying int/xisCTn6000 sequences
(n 5) or on plasmids within platforms lacking int/xis sequences
of any CTn tested (n 8) (Fig. 1 and Table 1). The different tet(S)
platforms were designated by capital letters. Characterization of
chromosomal CTn6000 platforms was established by comparison
of restriction fragment length polymorphism (RFLP) patterns ob-
tained after digestion of PCR products with TaqI, AluI, DdeI,
HindIII, or EcoRI and by the DNA sequences of representative
fragment types (Fig. 1). Three variants, arbitrarily named types
“B,” “C,” and “D” to differentiate them from the original
CTn6000 (5), designated type “A” here, were identified (Table 1
and Fig. 1). Type C (GenBank accession no. JN208881) was found
in Portugal in an ST55 (CC55) E. faecalis isolate identified in five
different healthy humans and in one ST32/CC22 E. faecium strain
and one Enterococcus species strain isolated from two different
piggeries. Type C differs from type A by the lack of the 1,830-bp
insertion within orf14 consisting of a group II intron and an addi-
tional 17 bp. Type B (GenBank accession no. JN208880), isolated
from an ST32/CC22 E. faecium strain from a fountain’s water in
Portugal, contains an ISEfm2 insertion with identifiable boundaries
within theorf13-tet(S) region. Finally, type D, carried by an ST158E.
faecalisclone from Michigan, was able to be only partially identified.
It carried intCTn6000-tet(S) and the orf23-orf29CTn6000 region,
although they were not able to be directly linked by using dif-
ferent PCR overlapping assays between different CTn6000 re-
gions. Comparative analysis of the CTn6000 elements de-
scribed in this study with sequences available at the GenBank
database resulted in the detection of three unpublished genetic
elements identical to CTn6000 variant C within the full-ge-
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nome sequences of three clinical American isolates, two E. cas-
seliflavus strains and an ST9/CC9 E. faecalis -lactamase-pro-
ducing strain causing a large outbreak in the United States
in 1986 (GenBank accession numbers NZ_GG692817.1,
NZ_GG670387.1, and NZ_AEBZ01000002.1) (http://www
.broadinstitute.org/annotation/genome/enterococcus_faecalis
/GenomeDescriptions.html). Conversely, variants A and B
were not detected in the GenBank databases. The analysis of the
chromosomal integration sites of CTn6000 variants was per-
formed as described previously (15) and revealed that types B
and C use the gene coding for the L31 ribosomal protein as the
hot spot for integration, as reported for the original CTn6000
type A (15). However, the L31-encoding gene was not the in-
tegration site for type D.
The tet(S) platforms located on plasmids corresponded to
three E. faecalis isolates (2 PFGE types), one E. faecium isolate, two
E. gallinarum isolates, and two Enterococcus species isolates ob-
tained from different hosts and arbitrarily designated types “E,”
“F,” “G,” “H,” and “I” (Table 1 and Fig. 1). They contained IS1216
copies targeting different positions within orf13CTn6000 (types E
and F), the orf13CTn6000-tet(S) intergenic region (types G and H),
and downstream orf6CTn6000 (type F). Type I comprises a copy of
ISEnta1 previously described in an E. faecalis isolate (AY884205.1)
and a partial sequence of cadE, a gene linked to cadmium resis-
tance which was also identified in type H. All sequences corre-
sponding to orf13, the orf13-tet(S) intergenic region, and orf6
showed a high degree of identity (99%) with the original
CTn6000 sequence.
Conjugative transfer of the CTn6000 variants A, B, C, and D
was tested as previously described (15). Wild-type and recipient
strains (E. faecalis JH2-2, E. faecium BM4105RF, and Staphylococ-
cus aureus 8325) were used in a ratio of 1:1. Transconjugants were
TABLE 2 Strategies and conditions used for characterizing CTn6000
Primer group and
name
Primer
no. Sequence (5=-3=)
Position in
CTn6000 (bp)
Amplicon
size (bp) Reference
Search of CTn6000
intCTn6000-F 1 CAT CGA GTC TAA CCG ATT GT 32158–32177 869 This study
intCTn6000-R 2 GAC CCA AAC GAA CTT GTA CT 33007–33026 This study
xisCTn6000-F 3 CGA AGT ATT AAC CGA ACA GA 31645–31664 203 This study
xisCTn6000-R 4 TAT CAT CGC GAT CAA AAC GA 31828–31847 This study
PCR mapping,3 kb
tetS-F 5 TGG AAC GCC AGA GAG GTA TT 26732–26751 6,295 1
intCTn6000R 6 GAC CCA AAC GAA CTT GTA CT 33007–33026 This study
orf14CTn6000-F 7 AGA CAG CTT CGC AAA AGT T 21766–21784 5,627 This study
tetS-R 8 ACA TAG ACA AGC CGT TGA CC 27373–27392 1
orf16CTn6000-F 9 CAG GAA ACA ACG TTT TG 17408–17424 4,336 This study
orf14-R 10 CAC ATA AAA CAT ATT GCC ATA 21723–21743 This study
orf18CTn6000-F 11 AAC AGG CCA ACT TGG TGA AG 11818–11837 6,161 This study
orf16-R 12 TCT GGC AAG GTT TCT TTC CA 17959–17978 This study
orf21-F 13 GGC TTG TAC TGT GAG C 8027–8042 3,811 This study
orf18CTn6000-R 14 CTT CAC CAA GTT GGC CTG TT 11818–11837 This study
orf29-F 15 CGT CTT TGA GAC CGT ATT GG 1–20 7,013 This study
orf23CTn6000-R 16 TTT CTC CGG CTG TAT GAG GT 6994–7013 This study
PCR mapping,3 kb
orf14II-F 17 CTG CGG AAT CGT TAG GTG TT 21520–21539 370 This study
orf14II-R 18 GCC GCT ACA GTC AAA AGA GG 21871–21890 This study
orf21II-F 19 AAC CCA TCG TCA AAA ACT CG 7795–7814 316 This study
orf21II-R 20 CTC GAT TGG CAA TCG TG 8095–8111 This study
orf23CTn6000-F 21 TTG AAC AAC GAC GCA TCA AT 6897–6916 1,146 This study
orf21-R 22 AGC TCA CAG TAC AAG CC 8027–8043 This study
orf18FIII 23 TTG CCT TTT GAA ATT GGT GA 11600–11619 5 or 8 This study
VAPRII 24 CGA AAA CGG TCA GAT CAT CA 12195–12176 This study
IS1216F ACC TTC ACG ATA GCT AAG GTT Variable 14
tetSR 8
IS1216R AGG ATT ATA TAA GAA AAC CCG Variable 14
tetSR 8
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selected in BHI agar supplementedwith tetracycline (10mg/liter),
rifampin (25 mg/liter), and fusidic acid (5 mg/liter) and con-
firmedby resistance to the three antibiotics (disk diffusion) and by
PCR amplification of CTn6000 int/xis and/or tet(S). We did not
find any isolate fulfilling all these features, possibly due to the low
conjugation frequency (109) of CTn6000 (15). Transfer of plas-
mids carrying tet(S) within each type of platform characterized
was also not achieved.
This study documents the spread of tet(S) among enterococcal
species from different origins mediated by CTn6000 or other ge-
FIG 1 Diversity of complete and partial CTn6000 backbones and other genetic platforms carrying tet(S). Boxes in gray indicate genes absent in CTn6000.
Sequencing was accomplished for CTn6000 types C (fully), B, and D (partially). Amplicons of CTn6000 types B and D with RFLP patterns common to types A
and C were not sequenced. *, this strain also carried the orf23-orf29 CTn6000 region, although it was not able to be directly linked to the intCTn6000-tet(S). The
boundaries of tet(S) were sequenced in tet(S) platform types E, F, G, H, and I. Dotted lines in IS1216 and tet(S) gene schemes indicate that they were partially
sequenced. **, the tet(S) gene is annotated as tet(M) in the sequence in GenBank under accession number GQ900487.1.
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netic platforms formed by composite structures often located on
plasmids. Comparative analysis of the sequences corresponding to
all tet(S) elements available at GenBank to date reflects the dy-
namics of tet(S) platforms by hosting different transposable ele-
ments involved in further arrangements mediated by insertion
elements, often resulting in IS1216 composite platforms.
Further analysis of enterococcal genomes and extrachromo-
somal genetic elements is necessary to fully understand the evolu-
tionary “transferability” of tet(S) genetic contexts, that is, the abil-
ity to be successfully transferred and retained in different
replicons and the resulting impact on the diversification and evo-
lution of bacterial population structure (7).
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Como CONCLUSÃO GERAL, ressalta deste trabalho que: 
A aquisição de genes de tolerância a biocidas por Enterococcus spp., residentes em 
diferentes comunidades ecológicas, pode favorecer a seleção, manutenção e evolução 
genómica de estirpes resistentes a antibióticos pertencentes a diversas linhagens clonais. 
Esta conclusão geral é suportada nas ilações obtidas nas seguintes conclusões parcelares: 
4.1. EPIDEMIOLOGIA DA TOLERÂNCIA A BIOCIDAS EM Enterococcus spp. 
Os genes de tolerância aos biocidas estudados não possuem uma especificidade de nicho 
ecológico, de espécie ou clonal.  
4.1.1. ECOLOGIA  
4.1.1.1 Distintas comunidades ecológicas são reservatório de genes de tolerância ao 
cobre e mercúrio.  
• A deteção dos mesmos genes em Enterococcus spp. do nicho humano, animal,
ambiental e em alimentos, indica o seu fluxo entre vários ambientes e hospedeiros.
• Pressões seletivas locais podem determinar o seu grau de abundância através de
fenómenos de seleção e manutenção. Destaca-se, por exemplo, uma maior
prevalência de genes de tolerância ao cobre (tcrB e cueO) em suiniculturas, produção
intensiva animal em que se usam maiores concentrações deste metal como aditivo
alimentar.
4.1.1.2. Condições ambientais propícias podem determinar o aparecimento de novas 
características adaptativas: tolerância a compostos de amónio quaternário (QACs).  
• Genes de tolerância a QACs, frequentemente descritos em bactérias de Gram
positivo e negativo, são raros em Enterococcus spp. 
• Sendo os QACs largamente utilizados, outros determinantes genéticos
desconhecidos podem estar a promover a adaptação de Enterococcus spp. a estes 
biocidas.  
• A deteção de qacZ num isolado obtido de um esgoto hospitalar sugere que, em
condições propícias (v.g, elevada pressão seletiva, disponibilidade no metagenoma 
local ou associação a elementos móveis e de recombinação), estes genes podem ser 
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captados por Enterococcus spp., contribuindo para a sua adaptação aos desafios 
locais. 
4.1.2. ESTRUTURA POPULACIONAL 
4.1.2.1. Desafios ambientais comuns determinam genótipos comuns em espécies 
distintas.  
• Genes de tolerância a biocidas estão distribuídos em diferentes espécies de
Enterococcus de vários nichos ecológicos. Estes dados sugerem um fluxo e
manutenção dos genes estudados entre os membros de comunidades ecológicas,
potencialmente, sujeitas a desafios ambientais similares.
• Apesar desta distribuição, os dados indicam que E. faecium é o reservatório mais
relevante dos genes como tcrB, cueO, merA2 e qacZ, corroborando a sua elevada
plasticidade genética, associada a uma elevada adaptação a diferentes ecossistemas
e hospedeiros.
• A ocorrência de genes diferentes (tcrB, cueO ou merA) nos mesmos isolados reforça
a capacidade de adaptação de Enterococcus spp. a múltiplos desafios ambientais.
Adicionalmente, o aumento da tolerância ao CuSO4 de Enterococcus spp. portadores
de tcrB e/ou cueO, ou a cloreto de benzalcónio naqueles portadores de qacZ, reforça
a relevância da aquisição destes genes na adaptação a desafios químicos
ambientais.
• A tolerância ao sulfato de cobre em isolados não portadores de genes tcrB e/ou
cueO, apontam para a existência de outros determinantes genéticos associados à
tolerância ao cobre em alguns E. faecium e, sobretudo, em outras espécies de
Enterococcus. Mais estudos serão necessários para compreender o biocidoma
associado a Enterococcus spp.
4.1.2.2. Múltiplas linhagens clonais de E. faecium e E. faecalis são reservatórios de 
genes que codificam para a tolerância a biocidas.  
• Genes de tolerância ao cobre, mercúrio, ou compostos de amónio quaternário
contribuem para a sobrevivência, adaptação e persistência de diversas linhagens
clonais de E. faecium e E. faecalis em comunidades ecológicas distintas. Destaca-se
um clone de E. faecium-CC5 (PFGE A) disperso no ambiente de suiniculturas
portuguesas, assim como em suínos de outros países (Freitas et al., 2011) e
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persistente durante anos (este estudo e Novais et al., 2005). Isolados pertencentes a 
este clone são portadores dos genes tcrB e cueO, sugerindo que o uso intensivo de 
cobre na alimentação animal contribui para a sua seleção e sucesso. Destacam-se 
também linhagens clonais associadas a infeção humana (E. faecium ST17, ST18, 
ST78; E. faecalis CC2) observadas em distintos nichos ecológicos e com genes de 
tolerância ao cobre, mercúrio, ou cloreto de benzalcónio, corroborando a hipótese de 
que o sucesso destas estirpes está associado à acumulação de diferentes 
características adaptativas, incluindo a tolerância a biocidas, como mostrado neste 
estudo. Esta acumulação de genes pode também contribuir para a invasão de novas 
comunidades ecológicas por estas linhagens clonais, incrementando a sua dispersão, 
recombinação genética e, potencialmente, a colonização de novos hospedeiros. 
4.2. TOLERÂNCIA A BOCIDAS E RESISTÊNCIA A ANTIBIÓTICOS: TRANSMISSÃO 
HORIZONTAL DE GENES E CARACTERIZAÇÃO DE ELEMENTOS GENÉTICOS. 
A transferência horizontal de genes aliada a fenómenos de recombinação genética contribui 
para a evolução adaptativa de Enterococcus spp. a diferentes desafios ambientais e 
manutenção da resistência a antibióticos. 
4.2.1. O ambiente de suiniculturas é um reservatório subestimado de Enterococcus 
spp. com resistência múltipla a antibióticos que podem ser disseminados facilmente 
entre animais e potencialmente aos humanos.  
• Genes que codificam para resistência a diversos antibióticos (por exemplo,
tetraciclinas, macrólidos, aminoglicosídeos, ampicilina ou glicopéptidos) são
frequentemente co-disseminados, em eventos de transmissão horizontal, conduzindo
à manutenção de estirpes com resistência múltipla.
• O contacto contínuo dos suínos com estas estirpes por diferentes vias (por exemplo,
alimentos, pó, ar, pavimento e paredes) pode diminuir o impacto de medidas
restritivas do uso de antibióticos e reforça a necessidade de intervenções
preliminares ao nível da gestão pecuária.
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4.2.2. Diferentes compostos podem contribuir para a seleção e manutenção de 
bactérias resistentes a antibióticos.   
• Eventos de transferência horizontal de genes têm um papel relevante na co-
dispersão da tolerância ao cobre, mercúrio e cloreto de benzalcónio, juntamente com
a resistência a antibióticos.
• A expressão de tolerância/resistência a todos estes compostos em bactérias
transconjugantes, aliada à sua co-localização nos mesmos plasmídeos, sugere que 
diferentes pressões seletivas podem favorecer a manutenção da resistência a 
antibióticos em diversas comunidades ecológicas (humanos, animais e ambiente).  
4.2.3. Plasmídeos de diferentes famílias estão associados à co-dispersão da tolerância 
a biocidas e resistência a antibióticos.  
Genes de tolerância ao cobre e mercúrio estão frequentemente associados a 
megaplasmídeos móveis, que transportam habitualmente genes de resistência à tetraciclina 
e/ou eritromicina.  
• A maior prevalência de tcrB, cueO e merA2 em E. faecium parece estar relacionada
com a localização destes genes em plasmídeos tipo pLG1, característicos desta
espécie e com reduzido espetro de hospedeiros bacterianos, limitando a
disseminação mais ampla destes genes. Uma maior caracterização destes
plasmídeos é crítica para compreender o seu papel na adaptação ecológica e
patogenicidade de E. faecium, tendo em conta que num deles ocorriam genes que
codificam para fatores de virulência e metabolismo de carboidratos (Laverde et al.,
2011). Estudos moleculares mais detalhados são necessários para identificar o tipo
de plasmídeos envolvidos em outras espécies.
• A associação de qacZ com um plasmídeo do tipo Inc18 corrobora a contribuição
destes plasmídeos para a plasticidade genética de Enterococcus spp., quer 
associada à dispersão de genes de resistência a antibióticos, quer também à 
tolerância a biocidas. 
4.2.4. O tipo de genes de resistência a antibióticos co-disseminados com genes de 
tolerância a biocidas reflete a sua abundância nas diferentes comunidades ecológicas. 
A abundância de um determinado gene/elemento genético  pode contribuir para o seu maior 
envolvimento em contextos de recombinação com diferentes elementos genéticos e, 
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consequentemente, originar um incremento na sua seleção e manutenção por diferentes 
compostos com impacto ecológico local: 
• Genes tet e/ou erm(B) (co-localizados com genes de tolerância a mercúrio, cobre, ou
cloreto de benzalcónio): verificou-se que se encontram muito dispersos em diferentes
nichos ecológicos, devido ao elevado uso de tetraciclinas e macrólidos na produção
animal e na terapêutica humana. A sua inserção [ex: tet(M), tet(S), erm(B)] em
transposões conjugativos muito recombináveis, favorece a sua inclusão em diferentes
plasmídeos, assim como em outras partes do genoma.
• Novo mecanismo de tolerância ao cobre transferido com resistência à ampicilina:
ocorreu em E. faecium das linhagens clonais ST18 e ST78, frequentemente
associadas a infeção humana. A resistência à ampicilina é considerada um dos
primeiros marcadores do sucesso destas linhagens, sendo a quase totalidade dos
seus membros resistentes a este antibiótico. A descrição rara da transferência da
resistência à ampicilina foi associada a transposões conjugativos envolvidos,
frequentemente, em eventos de recombinação (Tn5382, Tn916, Tn5386) (Carias et
al., 1998; Rice et al., 2007). Mais estudos são necessários para identificar este novo
mecanismo de tolerância ao cobre e determinar o seu papel na patogenicidade de E.
faecium (v.g., escape ao sistema imunitário).
• Genes vanA (co-localizados com genes de tolerância cobre): foram observados
apenas em estirpes do ambiente clínico (doentes hospitalizados e esgoto hospitalar),
possivelmente por ser este o nicho que apresenta maior frequência de resistência
aos glicopéptidos.
4.2.5.Módulos genéticos contendo genes de resistência a antibióticos e/ou tolerância a 
biocidas, flanqueados por sequências de inserção, contribuem para a plasticidade e 
evolução adaptativa de Enterococcus spp. 
• A necessidade urgente de adaptação a diferentes condições de stress (presença de
antibióticos ou biocidas) pode acelerar fenómenos de adaptação evolutiva, mediados
por sequencias de inserção (IS). Diferentes ISs estão envolvidas na plasticidade
genética (incorporação e excisão de genes) de Enterococcus spp., destacando-se a
IS1216, quer em plataformas de resistência a antibióticos (CTn6000), quer de
tolerância a biocidas (plasmídeos do tipo pLG1 e Inc18).
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• Genes de tolerância a biocidas estão incorporados em zonas altamente
recombinadas, mediadas por ISs e recombinases de fagos, que podem favorecer
uma continua evolução local por incorporação e excisão de módulos.
• A expressão de funções adaptativas (resistência/tolerância a diversos compostos por
incorporação de novos genes) pode favorecer a replicação nas estruturas modulares
superiores (por exemplo, plasmídeos) e, consequentemente, a sobrevivência dos
hospedeiros bacterianos que os possuem, aumentando a tendência para manter
essas mesmas estruturas modulares relevantes na adaptação a desafios ambientais
em comunidades ecológicas particulares.
4.2.6. Diferentes membros do filo Firmicutes contribuem para a adaptação evolutiva de 
Enterococcus spp. a antibióticos e biocidas. 
• Genes, ou módulos de genes associados à tolerância a biocidas (tcrB, cueO, merA) e
resistência à tetraciclina (CTn6000) são partilhados entre Enterococcus spp. e
diferentes géneros bacterianos pertencentes às mesmas comunidades ecológicas,
que, consequentemente, estão sujeitos aos mesmos desafios ambientais. A
sobrevivência a estes desafios e a partilha de genes entre vários géneros capazes de
migrar entre diferentes ecossistemas (por exemplo, humanos, animais e ambiente
aquático) deve ser tida em consideração, uma vez que todos podem contribuir para
uma globalização ambiental da resistência a antibióticos e da tolerância a biocidas.
4.3. CONSIDERAÇÕES FINAIS 
Diferentes lacunas na área de conhecimento dos biocidas têm vindo a ser apontadas por 
diferentes entidades, como a Comunidade Europeia (SCENIHR, 2010). A falta de informação 
neste tópico tem impedido a compreensão do impacto do uso de biocidas na saúde pública. 
É, entre outros aspectos, referida a inexistência de programas de vigilância, o que limita a 
obtenção de dados epidemiológicos robustos e o conhecimento sobre a seleção e 
disseminação de genes de resistência a antibióticos associados ao uso de biocidas. É 
também referida a ausência de métodos estandardizados para avaliação da susceptibilidade 
dos microrganismos a estes compostos (SCENIHR, 2010). 
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Dentro do universo “Enterococcus”, um patogénico emergente nas últimas décadas e um 
género bacteriano com capacidade de penetrar em diversas comunidades biológicas e 
interagir, geneticamente, com diferentes microrganismos, os resultados deste estudo 
contribuíram para: 
a) Conhecer a epidemiologia da tolerância ao cobre, mercúrio e cloreto de benzalcónio em
Enterococcus spp. usando, pela primeira vez, uma coleção com um vasto número de 
isolados representativos de diferentes comunidades ecológicas (n=920). Assim, ficou patente 
a distribuição de diferentes genes de tolerância a biocidas por nichos sujeitos a diversas 
pressões seletivas, por espécies e linhagens clonais. 
b) Compreender como o uso de biocidas pode contribuir para a seleção e manutenção de
bactérias resistentes a antibióticos, através do conhecimento dos elementos genéticos 
envolvidos e na sua possível evolução adaptativa. 
Uma melhor compreensão destes aspectos contribuirá para o planeamento robusto de 
estudos mais específicos do impacto de biocidas na evolução, emergência  e patogenicidade 
de Enterococcus spp. 
196
Anexos 
______________________________________________________________________ 

ANEXOS 
197
198
Anexos 
______________________________________________________________________ 

I 
Permissões de inclusão de publicações e imagens 
199

Rightslink® by Copyright Clearance Center
Página 1 de 2https://s100.copyright.com/AppDispatchServlet
Title: Spread of multidrug-resistant
Enterococcus to animals and
humans: an underestimated role
for the pig farm environment:
Author: Carla Novais, Ana R. Freitas,
Eduarda Silveira, Patrícia
Antunes, Ricardo Silva, Teresa
M. Coque, Luísa Peixe
Publication: Journal of Antimicrobial
Chemotherapy
Publisher: Oxford University Press
Date: 12/01/2013
Copyright © 2013, Oxford University Press
  Logged in as:
  Eduarda Silveira
  Account #:
  3000729325
Order Completed
Thank you very much for your order.
This is a License Agreement between Eduarda Silveira ("You") and Oxford University Press ("Oxford
University Press"). The license consists of your order details, the terms and conditions provided by
Oxford University Press, and the payment terms and conditions.
Get the printable license.
License Number 3294810436911
License date Dec 23, 2013
Licensed content
publisher
Oxford University Press
Licensed content
publication
Journal of Antimicrobial Chemotherapy
Licensed content title Spread of multidrug-resistant Enterococcus to animals and humans: an underestimated role for
the pig farm environment:
Licensed content author Carla Novais, Ana R. Freitas, Eduarda Silveira, Patrícia Antunes, Ricardo Silva, Teresa M. Coque,
Luísa Peixe
Licensed content date 12/01/2013
Volume number 68
Issue number 12
Type of Use Thesis/Dissertation
Requestor type Academic/Educational institute
Format Print
Portion Full article
Will you be translating? No
Author of this OUP
article
Yes
Order reference number
Title of your thesis /
dissertation
TOLERÂNCIA A BIOCIDAS E DISPERSÃO DA RESISTÊNCIA A ANTIBIÓTICOS: UMA ABORDAGEM
FENOTÍPICA E MOLECULAR EM Enterococcus spp DE DIFERENTES ORIGENS
Expected completion
date
Mar 2014
Estimated size(pages) 200
Publisher VAT ID GB 125 5067 30
Total 0.00 EUR
Copyright © 2013 Copyright Clearance Center Inc All Rights Reserved Privacy statemen
201
Rightslink® by Copyright Clearance Center
Página 1 de 2https://s100.copyright.com/AppDispatchServlet
Author: Eduarda Silveira, Ana R. Freitas,
Patrícia Antunes, Mariana
Barros, Joana Campos, Teresa
M. Coque, Luísa Peixe, Carla
Novais
Publication: Journal of Antimicrobial
Chemotherapy
Publisher: Oxford University Press
Date: first published online December
15, 2013
Copyright © 1969, Oxford University Press
  Logged in as:
  Eduarda Silveira
  Account #:
  3000729325
Order Completed
Thank you very much for your order.
This is a License Agreement between Eduarda Silveira ("You") and Oxford University Press ("Oxford
University Press"). The license consists of your order details, the terms and conditions provided by
Oxford University Press, and the payment terms and conditions.
Get the printable license.
License Number 3294800861734
License date Dec 23, 2013
Licensed content
publisher
Oxford University Press
Licensed content
publication
Journal of Antimicrobial Chemotherapy
Licensed content title
Licensed content author Eduarda Silveira, Ana R. Freitas, Patrícia Antunes, Mariana Barros, Joana Campos, Teresa M.
Coque, Luísa Peixe, Carla Novais
Licensed content date first published online December 15, 2013
Type of Use Thesis/Dissertation
Requestor type Academic/Educational institute
Format Print
Portion Full article
Will you be translating? No
Author of this OUP
article
Yes
Order reference number
Title of your thesis /
dissertation
TOLERÂNCIA A BIOCIDAS E DISPERSÃO DA RESISTÊNCIA A ANTIBIÓTICOS: UMA ABORDAGEM
FENOTÍPICA E MOLECULAR EM Enterococcus spp DE DIFERENTES ORIGENS
Expected completion
date
Mar 2014
Estimated size(pages) 200
Publisher VAT ID GB 125 5067 30
Total 0.00 EUR
Copyright © 2013 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. 
Comments? We would like to hear from you. E-mail us at customercare@copyright.com 
202
Rightslink® by Copyright Clearance Center
Página 1 de 2https://s100.copyright.com/AppDispatchServlet#formTop
Title: Different Genetic Supports for
the tet(S) Gene in Enterococci
Author: Carla Novais, Ana R. Freitas,
Eduarda Silveira et al.
Publication: Antimicrobial Agents and
Chemotherapy
Publisher: American Society for
Microbiology
Date: Nov 1, 2012
Copyright © 2012, American Society for Microbiology
 User ID  
 Password  
 Enable Auto Login
Forgot Password/User ID?
If you're a copyright.com
user, you can login to
RightsLink using your
copyright.com credentials.
Already a RightsLink user or
want to learn more?
Permissions Request
Authors in ASM journals retain the right to republish discrete portions of his/her article in any other
publication (including print, CD-ROM, and other electronic formats) of which he or she is author or
editor, provided that proper credit is given to the original ASM publication. ASM authors also retain
the right to reuse the full article in his/her dissertation or thesis. For a full list of author rights, please
see: http://journals.asm.org/site/misc/ASM_Author_Statement.xhtml
Copyright © 2013 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. 
Comments? We would like to hear from you. E-mail us at customercare@copyright.com 
203
Rightslink® by Copyright Clearance Center
Página 1 de 2https://s100.copyright.com/AppDispatchServlet
Title: Taxonomy, ecology and
antibiotic resistance of
enterococci from food and the
gastro-intestinal tract
Author: Günter Klein
Publication: International Journal of Food
Microbiology
Publisher: Elsevier
Date: 1 December 2003
Copyright © 2003, Elsevier
  Logged in as:
  Eduarda Silveira
Order Completed
Thank you very much for your order.
This is a License Agreement between Eduarda Silveira ("You") and Elsevier ("Elsevier"). The license
consists of your order details, the terms and conditions provided by Elsevier, and the payment terms
and conditions.
Get the printable license.
License Number 3285850745423
License date Dec 11, 2013
Licensed content publisher Elsevier
Licensed content publication International Journal of Food Microbiology
Licensed content title Taxonomy, ecology and antibiotic resistance of enterococci from food and the gastro-
intestinal tract
Licensed content author Günter Klein
Licensed content date 1 December 2003
Licensed content volume
number
88
Licensed content issue
number
2–3
Number of pages 9
Type of Use reuse in a thesis/dissertation
Portion figures/tables/illustrations
Number of
figures/tables/illustrations
1
Format both print and electronic
Are you the author of this
Elsevier article?
No
Will you be translating? Yes
Number of languages 1
Languages Portuguese
Title of your
thesis/dissertation
TOLERÂNCIA A BIOCIDAS E DISPERSÃO DA RESISTÊNCIA A ANTIBIÓTICOS: UMA
ABORDAGEM FENOTÍPICA E MOLECULAR EM Enterococcus spp DE DIFERENTES ORIGENS
Expected completion date Mar 2014
Estimated size (number of
pages)
200
Elsevier VAT number GB 494 6272 12
Permissions price 0.00 EUR
VAT/Local Sales Tax 0.00 EUR / 0.00 GBP
Total 0.00 EUR
204
Rightslink® by Copyright Clearance Center
Página 1 de 2https://s100.copyright.com/AppDispatchServlet
Title: Antimicrobial activity of metals:
mechanisms, molecular targets
and applications
Author: Joseph A. Lemire, Joe J.
Harrison, Raymond J. Turner
Publication: Nature Reviews Microbiology
Publisher: Nature Publishing Group
Date: May 13, 2013
Copyright © 2013, Rights Managed by Nature
Publishing Group
  Logged in as:
  Eduarda Silveira
  Account #:
  3000729325
Order Completed
Thank you very much for your order.
This is a License Agreement between Eduarda Silveira ("You") and Nature Publishing Group ("Nature
Publishing Group"). The license consists of your order details, the terms and conditions provided by
Nature Publishing Group, and the payment terms and conditions.
Get the printable license.
License Number 3294751381358
License date Dec 23, 2013
Licensed content
publisher
Nature Publishing Group
Licensed content
publication
Nature Reviews Microbiology
Licensed content title Antimicrobial activity of metals: mechanisms, molecular targets and applications
Licensed content author Joseph A. Lemire, Joe J. Harrison, Raymond J. Turner
Licensed content date May 13, 2013
Type of Use reuse in a dissertation / thesis
Volume number 11
Issue number 6
Requestor type academic/educational
Format print and electronic
Portion figures/tables/illustrations
Number of
figures/tables/illustrations
2
High-res required no
Figures Figure 2
Author of this NPG article no
Your reference number
Title of your thesis /
dissertation
TOLERÂNCIA A BIOCIDAS E DISPERSÃO DA RESISTÊNCIA A ANTIBIÓTICOS: UMA ABORDAGEM
FENOTÍPICA E MOLECULAR EM Enterococcus spp DE DIFERENTES ORIGENS
Expected completion date Mar 2014
Estimated size (number
of pages)
200
Total 0.00 EUR
Copyright © 2013 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. 
Comments? We would like to hear from you. E-mail us at customercare@copyright.com 
205
Rightslink® by Copyright Clearance Center
Página 1 de 2https://s100.copyright.com/AppDispatchServlet
Title: Response of Gram-positive
bacteria to copper stress
Author: Marc Solioz
Publication: Journal of Biological Inorganic
Chemistry
Publisher: Springer
Date: Jan 1, 2009
Copyright © 2009, SBIC
  Logged in as:
  Eduarda Silveira
  Account #:
  3000729325
Order Completed
Thank you very much for your order.
This is a License Agreement between Eduarda Silveira ("You") and Springer ("Springer"). The license
consists of your order details, the terms and conditions provided by Springer, and the payment terms
and conditions.
Get the printable license.
License Number 3302601114887
License date Jan 05, 2014
Licensed content
publisher
Springer
Licensed content
publication
Journal of Biological Inorganic Chemistry
Licensed content title Response of Gram-positive bacteria to copper stress
Licensed content author Marc Solioz
Licensed content date Jan 1, 2009
Volume number 15
Issue number 1
Type of Use Thesis/Dissertation
Portion Figures
Author of this Springer
article
No
Title of your thesis /
dissertation
TOLERÂNCIA A BIOCIDAS E DISPERSÃO DA RESISTÊNCIA A ANTIBIÓTICOS: UMA ABORDAGEM
FENOTÍPICA E MOLECULAR EM Enterococcus spp DE DIFERENTES ORIGENS
Expected completion
date
Mar 2014
Estimated size(pages) 200
Total 0.00 EUR
Copyright © 2014 Copyright Clearance Center, Inc. All Rights Reserved. Privacy statement. 
Comments? We would like to hear from you. E-mail us at customercare@copyright.com 
206
Anexos 
______________________________________________________________________ 

II 
Sequências nucleotídicas submetidas ao GenBank 
207

Enterococcus faecalis strain C386 transposon Tn6000, complete sequence - Nucleotide - NCBI
Página 1 de 12http://www.ncbi.nlm.nih.gov/nuccore/JN208881.1
Enterococcus faecalis strain C386 transposon Tn6000, complete sequence
GenBank: JN208881.1
FASTA  Graphics
Go to:
LOCUS       JN208881               30621 bp    DNA     linear   BCT 30-OCT-2012
DEFINITION  Enterococcus faecalis strain C386 transposon Tn6000, complete
sequence.
ACCESSION   JN208881
VERSION     JN208881.1  GI:347952137
KEYWORDS    .
SOURCE Enterococcus faecalis
  ORGANISM  Enterococcus faecalis
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 30621)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Different Genetic Supports for the tet(S) Gene in Enterococci
  JOURNAL   Antimicrob. Agents Chemother. 56 (11), 6014-6018 (2012)
   PUBMED   22908170
REFERENCE   2  (bases 1 to 30621)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Spread of tet(S) among enterococci is associated with CTn6000
  JOURNAL   Unpublished
REFERENCE   3  (bases 1 to 30621)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Direct Submission
  JOURNAL   Submitted (05-JUL-2011) Microbiology, REQUIMTE Pharmacy Faculty,
Porto University, Rua Anibal Cunha, 164, Porto 4050-047, Portugal
FEATURES Location/Qualifiers
     source 1..30621
/organism="Enterococcus faecalis"
/mol_type="genomic DNA"
/strain="C386"
/isolation_source="feces from a healthy human"
/host="Homo sapiens"
/db_xref="taxon:1351"
/country="Portugal"
/collection_date="2001"
mobile_element  1..30621
/note="conjugative transposon"
/mobile_element_type="transposon:Tn6000"
repeat_region   67..180
/note="imperfect repeat"
/rpt_type=direct
CDS             593..2005
/note="ORF29; putative methyltransferase"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33195.1"
/db_xref="GI:347952138"
/translation="MVRYNWVVQNILNKEEGTLIIDKEIVLSAMKQKNIKTQTELAER
LQMSKSQLSQMLSEGFSPLKTNVVKLTNELGLSYAEILKEELSDTMTTTIVKKHATNN
KQLELFNDDSLDRFKYKLDEFIDIQNTTPKRDYTLVETFAGAGGLSLGLEKAGFNSVA
DIEIDSTACSTLKLNRPNWNVIEGDINTIAQNGIFNHDQFTFRGELDVLSGGYPCQSF
SYAGLRQGLNDTRGTLFHPYSQLLVQLQPKMFIAENVKGLLNHDNGRTLETMIEIFED
SGYQVFWNILNAWNYGVAQKRERIVIIGIRNDLFEQQQYSFKFPKEYTYQPVLRDVLK
DVPKSEGASYPASKIEVLNLVPPGGCWVNLPENVAKSYMGASYHSGGGRRGMARRLSW
NEPSLTLTTSPAQKQTERCHPDETRPFTVREYARIQSFPDDWEFAGSTNNQYKQIGNA
VPVNLAEAIGKSVVNYLNQF"
CDS             complement(2049..2768)
/note="ORF28; putative methylase"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33196.1"
/db_xref="GI:347952139"
Display Settings: GenBank
Nucleotide
209
Enterococcus faecalis strain C386 transposon Tn6000, complete sequence - Nucleotide - NCBI
Página 2 de 12http://www.ncbi.nlm.nih.gov/nuccore/JN208881.1
/translation="MTEKAQNNDEIIEKAKDFFREVIAKNHIKNTEKLKNINNFNVNP
FLNKYLANYLTGNDDPESVSKALIYPRVLGTSINTSFGSNLQKFINKTLEGYGSTTTG
MDIEFIDKIDGRKKYCQIKAGPQTINYDDVTTIQNHFKSAINLARTNNIPIANMDCVV
GVFYGEDSELSAFYRTLAEDYTVLAGKDFWYHLTGDEDFYQKLTDGIGDIANEFDSTE
LLDETIKALAEQLKNIEGIEE"
     CDS 3031..4827
/note="ORF27"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33197.1"
/db_xref="GI:347952140"
/translation="MTKFIDKINELERIEITKYYTEFRDGFKEIHDWAKSEGFLNEAK
LAKYEIDICSLIEKKPILSNNKSDTRFVPEYSITGIGNVPEITAFTDEQFLYYERRMI
ETDNIFLKVRYSDFLFEYGSEKVTRKKYQISQFLLASLVESCRKYQTVHEDSNFILSI
SRLVEVSLSMNNKKYLQQAIQLIHSQLIESRDIDNSIWACNLSQLVRIILDSKFKGYI
SEELYTCTLTILTNLKNKCFENHEYHFYRLFIEESIALGKFEAYNTEQIQNLRLDIGK
SYELEAEYQGGRQQKSSLTKAFNLEQALEYYKNMGETEKINDLKVLIKQTYETYQQSD
EMATIKIPFTIPTDYIDNCISPYIISNIHESLDKLAKSDEFIPNVSIIKQQQSLQEAD
NNFFNLVSKSIIHGGNKIVNAETKEESKKFIFITSYVQELTLNLEIFLKAIFEKLIEE
HSLSADHLMEKFDSWKMLDERNYPLVKAGIENFFKEDYVSSIHILVPQFESTFRRFLA
KLGFATTSLKKDMVQYEITFNEFLVKDYIKTFLGEDIHTLIQIIMVEPMGLNLRNEIA
HGLIKQSDITKSKCILVIYLFLILTRYDDNKE"
     CDS 4918..5997
/note="ORF26; putative methlytransferase"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33198.1"
/db_xref="GI:347952141"
/translation="MIRITNLTLGSLFDGIGVFPLAAQKQGITLSWAGEIEKAPIRIT
KKQFPHMIHLGDLTKLHGGKIPPVDIVTFGSPCQNLSTIGNREGLAGKKSNLFYEAIR
IIEEMRDATNGKYPTLAIWENVMGAFSSNDRMDFKAVLEAFVQAEVPIPPSRQWANAG
MVRGRNVDVCWRVLDSQYWGVPQRRRRIFLVADFRDFRAREILFDTQGMQSHLETCDQ
NRLSSPKDNRSLTTKAGRQLFLYPFQERRMRTYAKEKNTKGFVSSFGQSTDPFPTLLA
GTVDTFAYWQEGFETEGFVRKLIPLECERIMGLPENWTQYGFDNQLISDSARYKALGN
SIVVPCAEFILSNVAKVYGKGESYG"
     CDS 6219..6626
/note="ORF25; putative anti-restriction protein; similar
to interupted orf18"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33199.1"
/db_xref="GI:347952142"
/translation="MDNTIQVYVTNLSRFEYDGLIIAAWFTLPVSLDELREKLQLETD
ESYEIEDWEAPFRLTDDGDILTLNRLALLIEENCHYDLFPYLDELIDLDVFESHEDGL
KRLNHFEHFEEKPTDPDILEDTFELSDGTYFTI"
     CDS 6774..7088
/note="putative conjugation related protein; ORF23;
Tn916-like protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33200.1"
/db_xref="GI:347952143"
/translation="MELKHVVPIMKDTFGHLEFAGEGNVEQRRINGRLATVSRSYNLY
SDIQRADDIEVILPHTAGEKFFEVEESVKLINPRIIAEGYKIGERGFTNYILHADDMV
KA"
     CDS 7104..7469
/note="ORF22; Tn916-like protein; putative conjugation
related protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33201.1"
/db_xref="GI:347952144"
/translation="MRLAQGIIIDKEKTFGRLKFSALRREVFLNNEDGSVSTEVKERT
YDLKSREQGRMIQVSIPASIPLREFDYNAEVELINPIADTVANATYRGADVDWYIKAD
DLVLKNKTTPKIEPKNKQG"
     CDS 7473..8849
/note="ORF21; Tn916-like protein; FtsK/SpoIIIE family
protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33202.1"
/db_xref="GI:347952145"
/translation="MKLLQRKGKRIRPSDKHLVFQFFFGAILSCWLLAFFPFHLAFFS
RTTWQLEEFKQHFFSPYGSLSLVFSLLTVGFLLYLLYRYGFDYYKSLTHRQKLARMIL
210
Enterococcus faecalis strain C386 transposon Tn6000, complete sequence - Nucleotide - NCBI
Página 3 de 12http://www.ncbi.nlm.nih.gov/nuccore/JN208881.1
ENGWLETKQVEEFQLFEDSPAKKKEKISYFAKFYYRMHNGLIVITVEITLGKYQDQLL
RLEKKLESGLYCELVDKELKDSFVEYTLLYDTIANRVSIEEVSVKDGAMQLMKNLAWA
FDSLPHMLIAGGTGGGKTYFILTIIESLLQTNAKLFILDPKNADLADLGTVMDNVYYQ
KEEISACIDDFYARMMARSLDMKKMPHYKTGENYAYLNLEPNFLIFDEYVAYMEMLSA
KENMAVMNKLKQIVMLGRQAGFFIILACQRPDAKYLQDGIRDQFNFRVALGRMSELGY
SMMFGDVDKDFFLKQIKGRGYVDVGTNVISEFYTPLVPKGHDFLETIGALCHSKPLVK
KEESEDGV"
     CDS 8839..9123
/note="ORF30"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33203.1"
/db_xref="GI:347952146"
/translation="MEFDDCIYRLYELSRTENEELQQRFHSLASDVSKNGITGLVPIE
EGGITDGVPLTVVLSILQSGLELATSPFDRTKIEALYNDLLSEGIDGYTK"
     CDS 9629..9823
/note="ORF31"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33204.1"
/db_xref="GI:347952147"
/translation="MSVVECIKSRISTISLPISGKNNVINGTQTEKVMTAAHKSWLFL
IWWVWLATPTLINPPILTGG"
     CDS 10162..11145
/note="ORF20; Tn916-like protein; putative transcriptional
regulator"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33205.1"
/db_xref="GI:347952148"
/translation="MLFDYVRIRFPTTNPEGVIENILKLKMKYMLHEEYAFYSYEEQY
VFGDIAVMVSHDIEKGILVEMKGKGCRQFEHFLLAQRRTWVDFFLDVFAVNGVYKRLD
LAINDKVGLLNIPELTRKCQNEECISVFRSFKNYRSGELVRQHEKADMGDTLYIGSLK
SEVYFCIYQKDYEQYVKLGIPLEENPVKNRFEIRLKNERALHAVIDLLNNGNVGETTF
SIINRYIRFVDKDSNKRRSQWKINADWAFFLGENQRKLKLTSEPEPYSFDRTLNWLSR
QVIPTLKLAMKIDKLNQTSVIQNMIDYAELSDRQKKILQQQTLPVEEVIIN"
     CDS 11159..11380
/note="ORF19; Tn916-like protein; putative conjugation
related protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33206.1"
/db_xref="GI:347952149"
/translation="MNFGQNLYNWFLSNAESLVLMAIVVIGVYLGFKREFSKLIGFLI
IALIAVGLVFNAAGVKDVLLNLFNRIIGA"
     CDS 11397..11897
/note="ORF18; putative anti-restriction protein ArdA"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33207.1"
/db_xref="GI:347952150"
/translation="MDMQVYISNLGKYNEGEIVGAWFQPPIDMEEVKEKIGLNDQYEE
YAIHDYELPFEIGEYTPISEINRLCALIEEIEDTEILKELKEIQSMWFSSLEDLIEHK
DDIICYSDCDSMEDVATYYVEETGQLGEVPSNLQNYIDYQSLGRDMELEGNFLVTSNG
VFEYLG"
     gene 12031..12840
/gene="vap"
     CDS 12031..12840
/gene="vap"
/codon_start=1
/transl_table=11
/product="virulence associated protein"
/protein_id="AEP33208.1"
/db_xref="GI:347952151"
/translation="MDIPKFIDYFIHEEIVITDKGKDISVIKIEINDDLTVFEQWARH
LREHYCSLEELDELREGTGLSRAEFLRDMKFPNPNFGLGSATMSGDFSEILIADYIEY
ILNYIVPRVRYRQKFNRNTSTQGSDLIGYKVESIETNSINDEMLIVEVKARNSESNPE
ATLQNAVDHSAKDLVRIAESLNASYRMLKNYNEEEGMRLVRRFQNPTDRPHKRTFAAA
AVSSDKAFSRELLKEIDTSEHPSPDVQLIAVHSPKFLEFIKQMYVRAANVN"
     gene 12830..15967
/gene="hel"
     CDS 12830..15967
/gene="hel"
/note="DEAD-DEAH box helicase"
/codon_start=1
211
Enterococcus faecalis strain C386 transposon Tn6000, complete sequence - Nucleotide - NCBI
Página 4 de 12http://www.ncbi.nlm.nih.gov/nuccore/JN208881.1
/transl_table=11
/product="virulence associated protein"
/protein_id="AEP33209.1"
/db_xref="GI:347952152"
/translation="MLIENNSKYYLKKVQAKSKMFEYNVPLEEHIQVEYMAQELIVLA
IATIGDASNFIWDNRYTEFSSKLNNELFENLNFTSIYFDSLLTSEIGEASYNDYFGLL
GAISFYLSDALGSTKVMINKIDWAMDLEINEIDTFLLYLLADRLDELKGYEFSSQYGN
LFYYLIYDLSQFYLDGTPIDFEKLNDLKQEIYLSQNPREILFGDSLLAVFIKKYKNSA
LNLLPNYSDTTIQDWEDLLLNNHTIKELWPSQILLGEKNIFKGKSGVIQMPTSSGKTT
SIGLIIRSAFITHRTKLAVVVAPFKALCKEITLNLIEFFSNDEVIINELSDIAEKDDI
AFFDNDIATNTLIILTPEKLLFLIRNNSEILEELNLIIFDEAHLFDDSSRGTNYELLV
STIRYYLNESSQKILISAVIANSEVINEWLNGTDGEVISNNNIISSQRSIAIGDWMGQ
TGQLYFLNQDNPDIDDFYVPRIVDIREINRLDRERAKRYFPDVDFRKRKLNKPYDMQI
YYALKMVHNGATAIFSGTKKTADKTIERLLELEERGLDISAFSNEVSQNENTKIASLI
NMNLGSDTEYYISALKGIFIHHGNIPLGIRLSVEYAMSQNLINFVVCTSTLAQGVNLP
IKYLIISSLYQGKSQMKVRDFHNLLGRVGRAGKHIEGTVILSEPFIHSNKSNWKWNRY
KNMLDIDNSEDSESNLLKLVRPIIIDKFPPINLWNVLPQKYTNQEQFNDVINKIKTVI
SNSNFPNKISDFNFELKIILDILKDVENYVMYFVKYFKDSNPNFTNMVTQQTLGYHLA
SDSEKEKLVELFEVIKTYSLSFTEAELSLYSISSLGFDNSKVLSQWISEKIENITQAR
SEFELIDIIFPQLILFSENNIINRIDDTSIFTQICELWTQGQSYSDILNYCQSNQFQI
SKRNQLVPLILQDIIEICDNILAYSTILPLNGVATFMENSENDSTLHLIKSLQKKIRY
GLPSNLSINIFELGFSDRVIAQILARIIENSSSFTITSISKRITKELLRQNKREIEEA
LKVFPQYFLDILRKI"
     CDS 16114..16407
/note="ORF17; Tn916-like protein; putative conjugation
related protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33210.1"
/db_xref="GI:347952153"
/translation="MAWFVCSLFTVILLADIPPLSLIEGALLKYVGIPVGLTWFMSQK
TFDGKKPYRFIQTVVTYAFRPKRTYAGKKVTFEKEKMDETATIVRSEYIELSD"
     CDS 16694..18838
/note="ORF16; Tn916-like protein; putative conjugation
related protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33211.1"
/db_xref="GI:347952154"
/translation="MIGDNQVDYRFFIGFKLLVNEEEVSLKNLKKSAKNTLTTFFREV
NQKWMGDFFVMPQDEVRRYTKMADLLQAKIERRFHIRPLDKNDFGYLIEHLYGKETSS
FEEYEFPLPLKKLKHQTLVKRYDLLKPTRSLIEENQRYLKIQNEETTSYVAYFTIDSI
VGELDFPSNEIFYYQQQQFDFPIDTNMNIEIVANKKALSTVRNKKKELKDLDDHAWNS
DNETGNNVLEALEDVNELEAELDQTKEAMYKLSYVIRVAASSYEELKRRCNEIKDFYD
DWSIKLVRPFGDMLGLHYEFLPSSKRYINDYVQYVTSDFLAGLGFGASQMLGETEGIY
IGYNIETGKNVYLKPSLASQGVKGSVTNALASAFLGSLGGGKSFSNNLLVYYSVLFGA
QALIVDPKAERGNWKETLPDMADEINIVNLTSEEKNQGLLDPYVLMKRKKDAESLAID
ILTFLTGISSRDGERFPLLRKAIRSVTQKEIRGLWLVIDELREDDNPLSHSIADHIES
FTDYDFAHLLFSDGTTENSISLEKQLNIIQVADLVLPDAQSNFSDYTTLELLSVAMLI
VISTFALDFIHSDRTKFKIVDLDEAWSFLQVAQGKTLSNRLVRAGRAMNAGVYFVTQN
ADDLIDEKLKNNIGLKFAFRSTDSQEIKKTLTFFGVDPNDEDNQKRLRELENGQCLIQ
DLYGRVGTIQVHPVFEDLFHAFDTRPPVHQEE"
     CDS 18798..21086
/note="ORF15; Tn916-like protein; putative conjugation
related protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33212.1"
/db_xref="GI:347952155"
/translation="MPLILVPPSIKKSEVYTLKPKLKKMLGVILLIGGMTFLFLLLFG
TVAQAIGLVDDTVDVQNLYSQYPLSHYQLDFYVDTDWDWLPWNWKDGIGNQVQYGLYA
MSDFIWTISLYLSNATGYLIKQAYKLDFISDTANQIGENIQILAGISENGFSTSGFYV
GFLLLFILIVGAYVAYVGLLKRETSKAIQAVTNFLVVFVLSAGFIAFAPSYIQRINEF
SADISQASLDLGGQIIFPHSSSQGTDSVDSIRDTLFSVQVEQPWLLLQFDNSNKEEIG
ESRVNDLLAINPDTNNGKDREEAVKNEIEEHDNQQLTLTKTVNRLGTVSFLVLFNIGI
SIFVFLLTGIMIFSQILFILYAMFLPIIFLLAMLPTFSGMGKAALMKLFNTIMLRAGI
TLIITVAFSLSTMLYSLTTSYPFFLVAFLQIVTFAGIYLKMGDIMSLFNLQANDSQQI
SRGVMRRPKQYMHRGARRLQRTISRTMIGGSLGYLAGKTKGRKNAKQLPSIAGTTPSN
ARASVPSNQQKNDRTQRPTTRSYQTGQQIGKVLDSKNRASNFVAQKKQQVKELPKTVT
GNLHQTISDFKQGMSDERTESVTSKNRPVVQSRKTKQEKKRGTTNPTTDKNHQRPAVD
SVQAVNKIQQASTSNKRIDSVSRKNRPVIQSRKTNREMKPIRSTVTRPPVQHRPSNKI
QTVSQEVPQGQTASKVQERITKQRNRSIKQQPSIKQQAPISRKQPTRYMTNQKQTTST
VRYSQNNRQKKNVRFTRPMKRK"
     CDS 21097..22116
/note="ORF14; Tn916-like protein; putative conjugation
related protein"
/codon_start=1
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/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33213.1"
/db_xref="GI:347952156"
/translation="MKWKLKIMVALTLFLSFFGLLSFVAIFVADEPQGNSSDSIVIQG
SGLSVSPEVLKYRSLVEKYAKQENIEDYIHILLAIIQVESGGTLKDVMQSSESKGLPP
NTITDPEESIKQGVSYFAGLVRSAESLGVDQQSVIQAYNYGGSFLNYVAKNGKTYSFE
LAESFSNEQAKGQRVTYKNALSIPKNGGWRYNYGNMFYVLLVIQYLETASQKFDNQTV
QIIMDEALKYQGYPYVFGGSNPNTSFDCSGITQWTFQKAGIILPRTAQAQYEVMDHLP
LSQAEPGDLIFFHSTYATADYVTHVGIYVGDMRMYHAGDPIGYTDLNENYWQQHLIGA
GRIKQ"
     CDS 22133..23050
/note="ORF13; Tn916-like protein; putative conjugation
related protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33214.1"
/db_xref="GI:347952157"
/translation="MKIHIEHKPKKEKANRQKKVKTIHLGTHKKSVLFLWLLLIGSFS
FGLYKNFTAIDTHTIHETTVIEPVLVDTHAIESFTLNFIQEYYSWENNKEAIEQRPER
INRYLTSELQELNVDTIRTDIPTSSSVSDCKIWQIQSIDEQNFVVVYTVKQQIKEGEE
TKNVASTYRITIHQDKNNNLVITSNPTVWAAPNPSEFQPDTLVNDNNIDEQTKLEILD
FLETFFKLYPNATKNELDYYMMEDVLPIISQNFIYSELVNPIIQKKEKQYLVKIAVRY
LDNETKIENISQYQLTLEKKDNWKIIMNE"
     gene 23894..25819
/gene="tetS"
     CDS 23894..25819
/gene="tetS"
/note="tetracycline resistance protein"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AEP33215.1"
/db_xref="GI:347952158"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQRLVYVRLYSGTLH
LRDSVNISEKEKIKVTEMYTSINGELRQIDKAEPGEIIILKNELLKLNNVLGDKKRLP
HREILENPLPMLQTTIEPCKSVQREKLLDALFEISDSDPLLQYYVDTVTHEIVLSFLG
EVQMEVTCTLIQEKYHIEIETRKPTVIYMERPLKKSEFTIDIEVPPNPFWASIGLSVT
PLPLGSGIQYESLVSLGYLNQSFQNAVMEGIRYGCEQGLYGWKLTDCKICFKYGLYYS
PVSTPADFRMLAPIVLEQAFRKSGTELLEPYLSFEIYVPQEYLSRAYNDASKYCANIL
NTKLKGNEVILIGEIPARCIQEYRNSLTFFTNGRSVCLTELKGYQVTNIKSAFQPRRP
NNRIDKVRHMFNKINLH"
     CDS 25943..26074
/note="ORF6; conjugative transposon protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33216.1"
/db_xref="GI:347952159"
/translation="MREDTELKNFPLFCPKCRQEILIEITKFRITVITEPDAKTQSR"
     CDS complement(26588..26947)
/note="ORF9; transcriptional regulation"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33217.1"
/db_xref="GI:347952160"
/translation="MMDRKKHRTFDFKPLGLAIKEARLSKGLTREQVGSMIQIAPRYL
TNIENKGQQPSFHVVYDLVTLLNISLDGFILGEENSHKSSKRLQVEAQLDCLDEDELV
TIGKVIQAIYGEKCKFN"
     CDS 27427..27927
/note="ORF7; Tn916-like protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33218.1"
/db_xref="GI:347952161"
/translation="MFIGIIFFLNGKGGVNDMSSSLFQAAIEMQFDYICKRSIDDERK
DLLKSLSRISKKEVAFSELDDYVVEQFASIDQYPSDFSYFELEGAEIAVKSMSLGEAL
ERLPKKKRNIILFYYFIEMNDAEIANLMGLSRSTVNEHRHKALHLIRKFRRRMRNEDN
LFQSPL"
     CDS 27998..28123
/note="ORF8; Tn916-like protein; transcriptional
regulation"
/codon_start=1
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/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33219.1"
/db_xref="GI:347952162"
/translation="MMQRSLRFLKDEVGQKHLVVDEVLSARLETRLLTKILAFKI"
     gene 28906..29181
/gene="xis6000"
     CDS 28906..29181
/gene="xis6000"
/note="excisionase"
/codon_start=1
/transl_table=11
/product="Xis6000 protein"
/protein_id="AEP33220.1"
/db_xref="GI:347952163"
/translation="MKIEISLEDNSEIIEVLTEQILQRIEEQSTKFSSVNDLPPYPNR
KQVKKRLRIGDDRLNQWIASGLKVIPFGKEARFDRDDIKDFLHHLKV"
     gene 29281..30513
/gene="int6000"
     CDS 29281..30513
/gene="int6000"
/note="integrase"
/codon_start=1
/transl_table=11
/product="Int6000 protein"
/protein_id="AEP33221.1"
/db_xref="GI:347952164"
/translation="MIKKYTKKNGSTAYLVKVYLGVDPLTGKKKTTTKRGFKTQKAAK
QEVARLQLLAQEYDLVIESNRLFSDIALEWFEQYKNTVKESTYVVQRVALNKHILPLF
GERRISKISIPYCQKQVNHWYSYYKKYSNLIGMTNSIFQYAKSLRLIRRNPMEGVIRP
KRQKQIDEEKYTAPFYTKAEVLYFLQIAKKYPDPLYPMFHILTFTGLRKGELLALRWK
DIDFKRGTLSVKQTLTTVEDWKLAFQTPKTEKSLRTISIDNQTLSIFRQCILKQKAFF
LKTGRKPVENGAQLLFTTEENKPHYLDFLNHNLTKILKENKLKHMTVHGFRHTHCSLL
FESGASIKEVQVRLGHTDVRTTMDIYAHVSEQKKEETADRFADYMNKLHEEEDGMVKR
MVKTKKEQTPPIMKSAKS"
     repeat_region   30443..30463
/note="imperfect repeat"
/rpt_type=direct
     repeat_region   30548..30564
/note="terminal repeat"
/rpt_type=direct
     misc_feature    30565..>30621
/note="similar to ribosomal protein L31"
ORIGIN
1 taaaattatc ggatttttga gatttacaag aacttctgat gtatttttgt actacttaaa
61 agagagggtc aaaaggatgg tcaaggacaa aaaaaagaaa acatcctatg ctcaggatac
121 tctctaaaaa ctgataaatc agcgcttttc ttattctgca gcgtttgtgt ctttgagacc
181 atactcaata ttgatatgat ttctggtagt ctttaatcga actttatttc tttgttcgtt
241 cactaacaca ctctgatgcg tcccctttca tacgactaag gaaggtcaaa aggatggtca
301 tttttatgac taaaaaactt cgccagtata ttaaggaata ttgttttatc agtatgttta
361 ataagtgaat ggtacttcca aaaatcaaaa ggttttagac acttccaaag ttgaggtgtc
421 ttttttgaat aaacatagga attctgttaa atacgaaaaa gaactaaccc tcataaaaga
481 aaaattcaaa aaataagtta attagaatta catcttttga tactacaata aaaatcattc
541 ttctaaaaaa tattatttaa ttattgcgta tatttgtatt gactagaaaa acatggttcg
601 ctataattgg gttgttcaaa atattttaaa caaggaggag ggtactttga ttattgataa
661 agaaatagtt ctatcagcca tgaaacaaaa gaatataaaa acccaaacag aactagcgga
721 acgactacaa atgagtaaaa gtcaattgtc tcaaatgtta tccgaaggtt tttctccttt
781 aaaaactaat gttgtcaaac tcactaatga gttaggacta tcctatgcag aaatacttaa
841 agaagaattg agtgatacaa tgactacaac tatagtaaaa aaacatgcaa ctaataataa
901 acagctagaa ttatttaacg atgattcatt agacagattt aaatacaagc tagatgagtt
961 tattgatatt caaaatacta ctccaaaacg cgattacacg cttgtagaaa catttgctgg
     1021 tgcaggaggt ctatccttag gtttggaaaa agctggattc aattctgttg cagatattga
     1081 aatagactct acagcatgta gtactttaaa attaaatcgc cctaattgga atgtgattga
     1141 aggagatatt aatactattg ctcaaaatgg tatctttaat catgatcagt ttacttttag
     1201 aggagaacta gacgtattgt ctggcggtta tccttgtcaa agttttagtt atgctggctt
     1261 acgtcaagga ctgaatgata ctagaggtac tctatttcat ccttattcac aattattagt
     1321 acaactgcaa cctaaaatgt ttatagcaga aaatgtaaaa ggtcttttga atcatgataa
     1381 tggccgtaca ttagaaacta tgatagaaat tttcgaggat tcaggttacc aagtattttg
     1441 gaatatactg aatgcttgga attatggagt tgcacaaaaa agagagcgga ttgtcattat
     1501 tggcattaga aacgaccttt ttgaacaaca acaatattct tttaaatttc ctaaagaata
     1561 tacctatcaa cctgttctaa gggatgtatt aaaagatgtt ccgaaaagtg aaggtgcttc
     1621 ttatccagcg tctaaaatag aagtccttaa cttagtccct cctggaggat gttgggttaa
     1681 cttgcctgaa aatgttgcta aaagttacat gggtgcatcc tatcattctg gtggtggtcg
     1741 aagaggaatg gctagacgct tatcttggaa tgagccttct ctaacgttaa ctacatcacc
     1801 cgcgcagaaa caaacagaac gttgccatcc tgatgaaact cgtccattta ctgttcgaga
     1861 atatgcaaga atacaaagtt tcccagatga ttgggagttt gctggaagca caaacaatca
     1921 atataaacaa attggaaatg ctgtcccggt aaatcttgcg gaagctattg gaaaatctgt
     1981 agtaaattat ctgaatcaat tttaaaatat caaaaactag tacactaaaa aggtactagt
     2041 ttttttaact actcttcaat tccttcaata ttttttagtt gttcagccaa agctttgatt
     2101 gtttcgtcaa gaagctcagt actatcaaat tcattagcta tatctccaat accatcagtt
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     2161 agcttttgat aaaaatcttc atctcctgtt aaatgatacc aaaaatcttt tccagctaag
     2221 actgtatagt cctctgctaa cgttctataa aacgcactta attcgctgtc ttcgccataa
     2281 aaaacaccta cgacacaatc catatttgca ataggaatat tattagtacg agctaaatta
     2341 atcgctgatt taaaatgatt ttgaattgta gtcacatcat cataattaat tgtttgaggg
     2401 ccagctttaa tttgacagta tttttttctt ccatctattt tatcaataaa ttctatgtcc
     2461 attccagtcg tagtagagcc atatccttcc agagttttat tgataaattt ttgaaggttg
     2521 gaaccgaatg aagtattaat tgaagtacct aaaactcttg gatatattaa tgccttcgaa
     2581 acactttcag gatcatcgtt ccctgttaaa taatttgcta aatacttgtt cagaaatgga
     2641 ttcacgttaa agttgtttat gttttttaac ttttctgtat ttttaatatg attcttagca
     2701 attacttctc taaaaaagtc tttcgccttt tcaatgattt catcattgtt ttgtgctttt
     2761 tcagtcattt tcttcacctc gttattttct tataatttga gtataccctt ttggttattt
     2821 catgtatagg tttccatgtg cataaatata gtaaaacact ctttcattct tgtcagttat
     2881 acattctaat aaatgattaa ctatcttttt gaatctcttt tattcacttg cttcatccag
     2941 ttaaaaatta ttttttatat acttatattc cttcatagca tttgagaggg tataattaaa
     3001 tttaaaatta ggtatatcgg agataactag atgacgaaat ttatagataa aattaatgaa
     3061 ctagaaagaa tagaaattac caagtattat acagaattta gagatggttt taaagaaatc
     3121 catgattggg caaaatcgga aggattttta aatgaagcaa aattagcaaa atatgaaatt
     3181 gatatttgtt cacttatcga aaaaaaacca attctttcga ataataaaag cgacactaga
     3241 tttgtccccg aatacagtat tacaggcatt ggaaatgttc ctgaaattac agctttcact
     3301 gatgaacaat ttttatatta tgaaagaaga atgattgaaa ctgataatat ttttttaaaa
     3361 gtaagatatt cagattttct ttttgagtat gggagtgaaa aagtaacgag aaaaaaatat
     3421 caaatttcac aatttttact tgcatcactt gtagaaagtt gtagaaaata tcagactgta
     3481 catgaggata gtaattttat tttatctata tcaagattag ttgaggtttc gctttctatg
     3541 aataataaaa aatacctgca acaagctatt caactaatac attcacaatt aattgaatcg
     3601 agggatatag ataattcgat atgggcttgt aatctttctc aattagtaag aatcatttta
     3661 gattctaaat ttaaaggtta catttcagaa gaactttaca cctgtacatt aacaatattg
     3721 acaaatctta aaaacaaatg ttttgaaaat catgagtatc atttttatag attatttatt
     3781 gaggaatcta tagctcttgg aaagtttgag gcatacaata cagaacaaat acaaaacctc
     3841 cgtctggata ttggaaaaag ctatgaatta gaggctgagt atcaaggcgg gagacaacaa
     3901 aaaagctcat taacaaaagc ttttaactta gaacaagcac ttgaatacta taagaatatg
     3961 ggagaaacag aaaaaattaa tgacttaaaa gttttaataa agcaaactta tgaaacatat
     4021 caacaaagtg atgaaatggc aacaataaaa attcctttta caattcctac agactatatc
     4081 gataattgta tttcacctta tattatttct aacattcatg aatctcttga taagcttgca
     4141 aaaagtgacg aatttattcc aaatgtcagt ataattaagc agcaacaatc acttcaagaa
     4201 gcagataata atttttttaa tcttgtctca aaaagtataa ttcatggtgg aaacaaaatc
     4261 gtaaacgcag aaactaaaga agagtcaaaa aagttcattt tcattactag ttatgtacaa
     4321 gaattgacac taaatttaga gattttttta aaggctattt ttgaaaaatt gatagaagaa
     4381 catagccttt ctgccgatca tcttatggaa aaatttgatt catggaaaat gcttgatgag
     4441 agaaactacc ctcttgtaaa agcaggaatt gaaaattttt ttaaagaaga ctatgttagc
     4501 tctattcata ttttagttcc tcaatttgaa tctacattta gacggtttct tgctaaattg
     4561 ggattcgcaa ctacatcact caaaaaagat atggttcagt atgaaataac atttaacgaa
     4621 tttttagtta aagattacat taaaactttt ctaggagagg atattcatac tttaattcaa
     4681 ataattatgg ttgaaccaat gggtcttaat ctacgaaatg aaattgcaca tggtctaatt
     4741 aaacaatctg acattacgaa atcaaaatgt atcttagtta tttatctatt tttaatttta
     4801 acaagatacg atgataataa agagtaatct ttttatattt cacccttata atcaaataga
     4861 aatcacaaca tttttttgga cacttcatat tggggtgtct tttttattta caaggagatg
     4921 ataagaataa caaatcttac tttaggaagc ctctttgacg gtatcggtgt cttccctctt
     4981 gccgctcaaa aacagggcat tacactatca tgggcaggtg aaatcgaaaa agcaccgatt
     5041 cgtattacaa agaaacagtt tccccatatg attcatttag gagatttaac caaactacat
     5101 ggtggaaaaa ttccaccggt tgatattgtc acgtttggat ccccttgtca gaacctctca
     5161 accattggaa atcgtgaagg attagctggc aaaaaatcca atttatttta tgaagctatc
     5221 agaattattg aagaaatgag ggatgccacc aatggaaagt atccaactct cgctatttgg
     5281 gaaaacgtca tgggagcttt ttcatcgaat gaccggatgg attttaaggc cgtcttggaa
     5341 gccttcgttc aagccgaagt tccaattcct ccctctcgtc aatgggcaaa tgccggtatg
     5401 gtgcgaggga gaaatgttga tgtgtgttgg cgagtccttg atagtcaata ttggggtgtc
     5461 ccccaacggc gccgaagaat ctttctcgtc gcagatttta gagacttccg tgccagagaa
     5521 atattatttg acacccaagg aatgcagtcg catcttgaaa cttgcgacca gaacaggttg
     5581 tcgtccccca aagacaatcg aagccttact actaaagcag ggcggcaact attcctctat
     5641 cccttccaag agcgccgaat gcgtacgtat gcaaaagaaa aaaataccaa aggattcgtc
     5701 tccagtttcg gacaatcaac tgaccctttt cccactctct tagcaggtac tgttgatacc
     5761 tttgcttatt ggcaagaagg atttgaaact gaagggtttg ttcggaagct cattccactt
     5821 gaatgtgagc gaatcatggg tttgcctgaa aattggacac aatatggatt tgataatcaa
     5881 ttaatcagtg actctgcccg atacaaagca ctaggaaact ctatcgttgt tccctgtgcg
     5941 gaatttattt tgtcgaatgt cgcaaaggtc tatggtaaag gagaatcgta tggttaaaca
     6001 cgcgaacgct taaacgctgc ccaacaatta ttatgtacca attcaatcaa tcagttgtct
     6061 gcggcgatgc ataacttcca atttttacaa catattgacg gccgagaagt gcgtggacgt
     6121 caagcaatcg cagaacaatt gatggaagtc gaagaatacc tactgattgt taaaaatcaa
     6181 atacaaacta ttcggaattt atacaaggag aaataaaaat ggataacaca attcaagtat
     6241 acgtcaccaa ccttagtcga tttgagtatg acggactaat tattgccgct tggttcaccc
     6301 tacctgtttc tttggatgaa ctaagagaaa agctacaatt ggaaacagat gaaagttatg
     6361 aaattgaaga ttgggaagcc cctttccgat taacagacga tggggatatt ctcacactca
     6421 atcgtttagc gcttttaatc gaggaaaact gtcactatga cttatttcct tatttagatg
     6481 aattgattga cttagatgtc tttgaatctc atgaggatgg cttaaagcga ttaaatcatt
     6541 tcgagcactt tgaagaaaag ccaactgatc cagatatttt ggaagatacc tttgagttat
     6601 ccgatggcac ctattttacc atttaaagca gtttgactaa tccaatagtt gagctgcttt
     6661 tttgtttgga aaggaagtgt atcaatgagg aaaatctcac gttccccgcc gatcacaaca
     6721 acaattttta agcttatttc aatacaaaat tttgaatgaa aagaggaaaa acaatggaat
     6781 taaaacacgt agtaccgatt atgaaagaca catttggaca cttagaattt gcgggcgaag
     6841 gaaatgttga acaacgacgc atcaatggtc gtttagctac tgtttctcgt agctataacc
     6901 tatattcaga tatacaacgt gctgatgata ttgaggtgat tttacctcat acagccggag
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     6961 aaaaattctt tgaagtggaa gaatcggtca aattgattaa cccacgcatt atcgcagaag
     7021 gttataagat tggcgaacga ggattcacga attacatttt acatgcagac gatatggtca
     7081 aagcctaaag gaggaaaata cacatgagat tagcacaagg aattattatc gacaaagaaa
     7141 aaacgtttgg acggttgaaa ttttctgcac tacgtcggga agtttttcta aacaatgaag
     7201 atggcagtgt atcaactgaa gtcaaagaac gaacctatga tttaaaatca cgtgaacaag
     7261 gacgaatgat tcaagtcagt attcccgctt caattccatt acgagaattt gattacaatg
     7321 ctgaagtgga attaatcaac ccaatcgcag acaccgtagc caatgcgact tatcgtgggg
     7381 cggatgttga ttggtacatt aaggccgatg atttggttct aaagaataaa accacaccga
     7441 aaattgagcc aaagaataaa cagggatagc ccatgaaact cttacaaaga aaaggaaaac
     7501 gaatcagacc aagcgataaa cacttggtct ttcagttttt ctttggtgct atattaagtt
     7561 gttggttact tgcatttttt ccctttcatc tggctttttt cagtcgaact acttggcaac
     7621 tagaggaatt taaacaacac tttttcagtc cctatggtag tctatcactc gtcttctcac
     7681 ttcttactgt tggttttctc ctctatttac tgtatcggta tgggttcgat tattacaaga
     7741 gtttaaccca tcgtcaaaaa ctcgctcgaa tgattctaga aaacggatgg ttagaaacaa
     7801 aacaagtgga agaatttcaa ctctttgaag attcccctgc taaaaagaaa gaaaaaatca
     7861 gctactttgc taagttctac tatcgaatgc acaacggact gattgttatt actgttgaaa
     7921 tcacattagg taaataccaa gatcaattgt tacgcttaga gaagaaattg gaatcaggct
     7981 tgtactgtga gctagtcgat aaagaactca aagactcttt tgtggaatac accctactct
     8041 atgacacgat tgccaatcga gtttcaattg aagaggtttc tgtgaaagat ggggctatgc
     8101 aattgatgaa aaatttggcg tgggctttcg attctttgcc tcatatgttg attgcaggtg
     8161 gaaccggtgg tgggaaaacg tatttcattc ttacgattat tgagtccctt cttcaaacca
     8221 acgccaagct gtttatcctt gatcccaaaa atgccgattt agcggactta ggaacagtga
     8281 tggataatgt ctattaccaa aaagaagaaa tatctgcatg tatcgatgat ttttatgctc
     8341 gcatgatggc gcgtagtctc gatatgaaga aaatgcctca ttataaaaca ggcgaaaatt
     8401 acgcttatct aaacctagaa ccaaacttcc ttatttttga tgagtatgtg gcgtatatgg
     8461 aaatgttgag tgctaaagaa aatatggcag tcatgaataa attaaaacaa atcgtcatgt
     8521 taggtcggca agcgggattc tttattatct tggcttgtca gcgaccggat gcaaaatact
     8581 tacaagatgg gattcgtgat cagtttaatt ttcgtgtggc acttgggcgt atgagtgagc
     8641 ttgggtattc catgatgttt ggagatgtcg ataaagattt ctttttaaaa caaattaaag
     8701 gccgaggata tgtagatgtt ggaaccaatg tcattagcga attctacaca ccacttgttc
     8761 ctaaaggaca tgatttttta gaaacgattg gtgccttgtg tcactcgaaa ccattagtaa
     8821 aaaaggagga atctgaagat ggagtttgat gattgcattt atcgtttgta tgaactttca
     8881 agaactgaga atgaagaatt acaacaacgt tttcactctc tagcttctga tgtcagtaaa
     8941 aatgggatta ctggtttagt ccctatcgaa gaaggcggca ttacagatgg cgttccactc
     9001 actgtggttc tatctatctt acaatcaggg ttagaactag ccacctctcc ttttgaccgg
     9061 acaaaaattg aagccttgta taatgactta ctttcagaag gtatcgatgg ctatacgaaa
     9121 tagcacggat agaagcggaa tttttaaaca aactgcggta tagttaatgt aacaagatgg
     9181 gaggaattgc catgtctcac tttacccgta ctgtttttac cagtttgcat ccagcctatt
     9241 tgatccgtca gtatatcttt agtggtattg tcactgcgtt tttctatttt tcaagtcctg
     9301 atactgcccc tacttcattt tatgtctttt taggattaaa ctttcttctc tatccatttg
     9361 ctatgtttgt ttatgattcg attgtctctc ttttaatggg gaataatgtg tggattacca
     9421 gtggcatttt tgccttcatt tggggcttca tcaaaatttt attaatttac ttctttagtg
     9481 ttttgattgc gccaattggc atccttattc tgtattttac aaatcgttag agaattagat
     9541 tataaaggtc ttccattcgt cccgtagaaa agatgtgaag gatcgaagga gcctgtgact
     9601 gatactttat atcttttaga ggggaaacat gagcgtagtc gaatgtataa aatcaagaat
     9661 atcaacaatt tcactgccca ttagtggaaa gaacaacgta ataaacggaa cacagacaga
     9721 aaaagtcatg acggcagcgc ataagtcatg gctttttctt atctggtggg tgtggcttgc
     9781 cacgcccacc ttgattaacc cccccattct aacagggggg tagaaataca aaaataataa
     9841 gcaataaagg cttaggaact ttgatacaac aaactttcta tcgctttatg aggtgtcaac
     9901 tttttttgaa tagttgacat cttttttgtt cactcaaaaa agaaaggaga agttgtgttg
     9961 ataaacctca aacaacaagt attagaacta aaagaacgga gaaaaaacta tggtgtatcg
    10021 caaaataaac tagctactgc agttggtatc tcaagacaat accttagtga aattgaaaca
    10081 gaaaaagtcg ttccttccag tgagttactt tcagaattag atgttctgct cgaacgtttc
    10141 aatccagagt tacccttgga aatgctattc gactatgtac ggattcgatt tccaaccact
    10201 aatccagaag gagtgatcga gaatatctta aaactaaaaa tgaagtatat gttacatgag
    10261 gaatacgctt tttactcgta tgaggaacaa tatgtttttg gtgatatcgc ggtcatggta
    10321 tctcatgata ttgaaaaagg tattctcgta gaaatgaaag gcaaaggctg tcggcaattt
    10381 gaacattttt tgttggcaca acgaagaacg tgggtagact tcttcctaga tgtctttgca
    10441 gtaaatggtg tttataaacg tttggattta gcgattaacg ataaagtcgg cttattaaat
    10501 attccagaac tcacgcgtaa atgtcagaac gaagaatgta tttctgtctt tcgtagcttt
    10561 aaaaattatc gttcaggtga attggttcgc caacatgaaa aagctgatat gggtgatacg
    10621 ttgtatattg gttcgctaaa atcagaagtc tatttttgta tctatcaaaa agattatgag
    10681 caatatgtaa aacttgggat tccattagaa gagaatccag tcaaaaatcg ttttgagatt
    10741 cgtttgaaaa atgaacgtgc cttacacgca gtgattgatt tattaaacaa tggaaacgtt
    10801 ggcgaaacga ccttctccat tatcaaccga tatattcggt ttgtggataa agattccaac
    10861 aaacgtcgta gtcaatggaa aattaatgcg gattgggcat ttttcctagg agaaaatcag
    10921 cgaaaactaa aactaacttc agaacctgaa ccctattcgt ttgaccgaac cttgaattgg
    10981 ttgtcacgac aagtcattcc taccttaaaa ttagcaatga aaatcgacaa actcaatcaa
    11041 acgagtgtca tccaaaatat gattgattat gcggaattat cggatcgtca gaaaaagatt
    11101 ttacaacaac aaacccttcc tgtagaggaa gttattatta attaaaggag aatgtgtgat
    11161 gaactttgga caaaatttat ataattggtt tctttccaat gcggaatcat tagtattaat
    11221 ggcaattgtt gtgattggtg tgtatttagg ttttaaaaga gaattttcta aattgattgg
    11281 cttcttgatc attgccttaa ttgcggttgg cttggtattt aatgctgctg gtgtaaaaga
    11341 tgtcttattg aatcttttca atcgtattat cggtgcttag aagggaatga aaccaaatgg
    11401 atatgcaagt ttatatctcc aacttaggaa aatacaacga aggcgaaata gtcggtgctt
    11461 ggttccaacc acctattgat atggaagagg tcaaagaaaa aattggattg aatgatcaat
    11521 acgaagaata tgcaattcat gattatgagt tgccttttga aattggtgaa tacacaccca
    11581 tttcagaaat taatcgatta tgtgccttaa ttgaagagat tgaggacaca gaaattttga
    11641 aagaattaaa agaaattcag agcatgtggt tttctagttt agaagacttg attgaacaca
    11701 aagacgatat tatctgttat tcagattgtg attcaatgga agatgtagcg acttattatg
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    11761 tggaggaaac aggccaactt ggtgaagttc cttctaacct tcaaaattat attgactatc
    11821 aatcacttgg acgagatatg gagttggaag ggaacttttt agttacgagt aatggggtgt
    11881 ttgaatattt aggatagcat agaaaaatct agcatacatc ctaatattta ctaatctttt
    11941 atataaacaa tttctttctg ttataaaaca attaataccc ttttaaaatt aatgatataa
    12001 tgttattaat tttaaaaggg gttgagtttt atggatattc cgaaattcat tgattacttt
    12061 attcatgaag aaatcgttat cactgacaaa ggaaaagata tctctgttat aaaaattgaa
    12121 ataaatgatg atctgaccgt tttcgaacaa tgggcaagac atcttagaga gcattattgt
    12181 tcacttgaag aattggatga actaagagaa ggtactggtc tttctagagc tgaattcctt
    12241 agagatatga agtttcccaa tccaaatttt ggattgggtt cagcaacaat gtccggtgat
    12301 ttttcagaaa tattaattgc agattacatt gaatacatct tgaattatat agttccaaga
    12361 gtacgctaca gacaaaaatt caatcgaaat acttccacac aaggaagtga cttaattggg
    12421 tacaaagtag agtctattga aactaatagt atcaatgatg aaatgttaat tgttgaagta
    12481 aaagctagaa atagtgaatc aaatccagaa gcaactctac aaaatgctgt agatcattct
    12541 gcaaaagacc ttgttagaat agctgaatct ttaaatgcct cttacagaat gttaaagaac
    12601 tataatgaag aggaaggtat gcgtttagta agaagatttc aaaatcctac agacagacct
    12661 cataagagaa cttttgctgc agcagctgtt agttcggata aagctttttc tagagagtta
    12721 ttaaaagaaa tcgatacttc agaacatcct agtccagatg ttcagttaat agctgtacac
    12781 tctcctaaat ttttagaatt tattaaacaa atgtatgtga gggctgccaa tgttaattga
    12841 aaataattca aaatattact taaaaaaagt tcaagcaaaa tcaaaaatgt ttgaatacaa
    12901 tgttcctctt gaagagcata tccaagtaga atatatggca caagaattaa tagtccttgc
    12961 aatagcgaca attggtgatg catctaattt tatttgggat aatagatata ctgaattttc
    13021 ttcaaaatta aataatgaac tatttgaaaa tttaaatttc acatcaattt actttgattc
    13081 actacttact tcagagattg gtgaagcaag ttataatgat tattttggat tattaggggc
    13141 aatttctttc tatctttcgg atgcacttgg aagtacaaaa gtaatgataa acaagataga
    13201 ttgggcaatg gatttagaaa ttaatgaaat tgatactttt cttttatatc tattagcaga
    13261 cagattggac gaattaaagg ggtacgagtt ttccagtcaa tatggtaatc tcttctatta
    13321 tctaatatat gacttatctc aattttactt agatggtaca cccattgatt ttgaaaaatt
    13381 aaatgactta aaacaagaaa tatatctatc tcaaaatcca cgagagattc tttttggaga
    13441 ttcattattg gcagttttta ttaaaaagta taaaaattct gctttgaatc ttttgcccaa
    13501 ttattctgat acgacaatac aagattggga agatttattg ttaaacaatc atacaataaa
    13561 agaattgtgg cctagtcaaa ttttgctagg agaaaagaat atttttaaag gtaaatctgg
    13621 agtcattcaa atgcctacga gttctggcaa aacaacttca attggtttaa taattagatc
    13681 agcttttatt acccatcgaa caaaacttgc cgttgttgtg gctccattta aagctctctg
    13741 caaagaaata actctaaatt taatagaatt cttttcaaat gatgaggtaa tcataaacga
    13801 actgtcggat attgcagaaa aagatgatat tgcgttcttt gataatgata tcgctacaaa
    13861 cacattgatt atactcactc ctgaaaaatt actgttctta attagaaata atagtgaaat
    13921 tttggaagaa cttaacttga ttatttttga tgaagctcac ttattcgatg atagctcgcg
    13981 aggtactaat tatgaattgc ttgtttcaac aatcagatat tacttaaatg aatcttcaca
    14041 aaaaatactg atctcagcgg ttattgcgaa tagtgaagta atcaatgaat ggttaaatgg
    14101 tactgatgga gaagttattt ctaacaacaa tattatttct tcccaacgat caatagcaat
    14161 aggtgattgg atgggacaaa ctggacagtt atattttcta aatcaagata atcctgacat
    14221 agatgatttt tatgtcccaa gaattgttga tatacgtgaa ataaatagac ttgatagaga
    14281 aagagcaaaa aggtattttc ctgacgtgga ttttcgtaaa agaaaactca ataaacctta
    14341 cgatatgcaa atttattatg cattaaaaat ggttcacaat ggagcaacag ctatattctc
    14401 tggaacaaaa aaaactgctg ataagaccat cgaaagacta cttgaacttg aagaaagagg
    14461 actagatata tcagcctttt caaatgaagt tagtcaaaat gagaatacaa aaatagcaag
    14521 tcttattaat atgaacttag gaagtgatac tgaatattat atttcagcct tgaagggcat
    14581 atttattcat catggtaata ttcctctagg aattcgatta tcagttgaat atgcaatgtc
    14641 gcagaattta atcaattttg tagtttgtac ttccacctta gctcaaggag tgaatttacc
    14701 aattaaatac cttattattt caagtctcta tcaaggaaaa agtcaaatga aggttcgtga
    14761 ttttcacaat ttattaggta gagtgggtag agcaggtaag catattgaag gaacggttat
    14821 attatcagaa ccttttattc attctaacaa atcaaattgg aaatggaaca gatacaaaaa
    14881 tatgctagat attgataatt cagaagacag tgagagtaat ttattaaagc ttgttaggcc
    14941 tattataatt gataaattcc cccctattaa tctttggaat gtactgccac aaaagtatac
    15001 taatcaagaa cagtttaatg atgtaatcaa taagataaaa accgtaatta gcaactcaaa
    15061 ttttccgaat aaaatatcag acttcaactt cgaattaaag ataattttag atattttaaa
    15121 agatgtcgaa aactatgtaa tgtactttgt gaaatacttt aaagattcaa atccaaattt
    15181 tactaatatg gtaactcagc aaactttagg ttatcatttg gctagcgata gcgaaaaaga
    15241 aaaattagtt gaactgtttg aggtaattaa gacttattct ctttctttca ctgaagctga
    15301 actatctctt tattcaatat cctctttagg atttgataac tctaaagtct tgtctcaatg
    15361 gatttcagag aaaattgaaa acattactca agcaaggtca gaatttgaat tgattgacat
    15421 aatctttcct cagttaatat tattctcaga aaataatatt ataaatagga ttgatgatac
    15481 ttctattttt actcagatat gtgaattatg gactcaagga caaagctatt ctgatatttt
    15541 aaactattgt caaagcaatc aattccaaat tagtaagcgt aatcagctag ttccgctcat
    15601 attacaagat atcattgaaa tatgtgataa catactagct tacagcacta tattacctct
    15661 aaatggagtt gcaacattta tggaaaattc cgaaaatgat tcaacacttc atttgattaa
    15721 aagtctacaa aagaaaatac gttatggact tcctagcaat ctatcaataa atattttcga
    15781 gcttggtttt tctgatcgag taattgctca aattttggct cgaattattg aaaattcttc
    15841 ttcttttaca attacttcaa ttagtaaaag gataactaaa gaattactta gacaaaataa
    15901 acgagagatt gaagaagcac taaaagtttt tcctcaatat tttctggata tattgagaaa
    15961 aatataaact attgagagca cctttatagg tgttcttttt tggaggtgtt taaactgaaa
    16021 aaactaaaaa gctataccag tatttggtcc gttgaaaaag tgatttatgc catcaacgac
    16081 tttaaacttc cctttccaat tagttttagt cagatggctt ggtttgtttg tagtctgttt
    16141 acggtgattc tactggctga tatccctcct ctttcattga ttgagggggc gttattgaaa
    16201 tatgtcggca ttcctgttgg cttgacttgg ttcatgagtc aaaagacgtt cgatgggaag
    16261 aaaccctatc gttttattca aaccgttgtc acttatgcct tccgtcccaa acgaacctat
    16321 gctggaaaaa aagtaacctt tgaaaaagag aaaatggatg aaactgccac aattgtaagg
    16381 agtgaataca ttgaattatc cgattaaata cattgaaaac aacctcgtat tcaatcacga
    16441 aggcgaatgt tttgcctatt ttgaattgtt gccctataac tattcctttt tgacccctga
    16501 acagaaactt caagtccaca cgaattttcg acaactcatt gcacaaaatc gtgaaggtaa
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    16561 gattcatgcc ttacaaataa gtaccgaacg atcgattcgt tcgattcaag aaaaaagtaa
    16621 agaaacggtc actggtcggt tgaaagacat tgcttttcag cggattgatg aacaaaccga
    16681 agcgttagta aacatgattg gtgacaatca agtggactat cgctttttta ttggctttaa
    16741 attactggtc aatgaagagg aagtttcctt aaagaatttg aaaaaatctg ccaaaaatac
    16801 actcactaca ttttttagag aagtgaatca aaaatggatg ggtgattttt tcgtgatgcc
    16861 acaagatgag gtccgtcgtt acacaaaaat ggctgacctc ttacaagcaa agattgaacg
    16921 acgtttccat atcagaccct tagataaaaa tgattttggc tatttgattg aacatctgta
    16981 tggcaaagaa acaagttctt ttgaggaata cgaattccct ttacctctca aaaaattgaa
    17041 acaccaaaca ctcgtaaaac gatatgattt actgaaaccc actcgttcct tgattgaaga
    17101 aaaccaacgc tatttgaaaa ttcaaaatga agaaacgacg tcttatgttg cttactttac
    17161 gattgattcg attgtgggcg aattggattt tccttccaat gagattttct attaccagca
    17221 acaacaattc gacttcccca ttgataccaa tatgaacatt gaaattgttg ccaataaaaa
    17281 agccttgtct actgttcgga acaagaaaaa agaactcaaa gacttggacg atcatgcgtg
    17341 gaatagtgac aatgaaacag gaaacaacgt tttggaagcc ttagaagatg tcaatgagtt
    17401 agaagctgaa ttagaccaga ccaaagaagc catgtacaaa ctaagctatg ttattcgagt
    17461 ggcagcttct tcctatgaag aattaaaacg tcgttgcaat gagatcaaag atttctatga
    17521 cgattggagt attaaattgg ttcgtccctt tggcgatatg ttgggcttac attatgaatt
    17581 tcttccttca agcaaacgat acatcaacga ctatgtgcaa tatgtgactt ctgactttct
    17641 agctggctta ggttttggtg cttcccaaat gttaggagaa acagaaggaa tttacattgg
    17701 ctacaacatc gagactggaa aaaatgtgta tcttaaacct agtttagcta gtcaaggtgt
    17761 caaaggttcg gtgacgaatg ctctggcttc ggcttttctt ggttctttag gtggtggaaa
    17821 atccttctct aataacttgt tggtgtatta ctcggtttta tttggggcac aagcgttaat
    17881 tgttgatcca aaggccgaac gtggcaattg gaaagaaacc ttgccagaca tggccgatga
    17941 aattaatatt gtcaatttaa ccagtgaaga gaaaaatcaa ggcttgcttg atccctatgt
    18001 tctcatgaaa cggaagaaag acgctgaaag tttagcgatt gatattctca cttttctaac
    18061 tggaatttct agtcgagatg gggaacgttt ccctctttta cgaaaagcga ttcgatccgt
    18121 cactcaaaaa gagattcgtg gtttgtggtt agtcattgat gaattacgag aagatgacaa
    18181 cccactatcg cattcgattg cggatcacat tgaaagtttt accgattatg actttgccca
    18241 tttactattt agtgatggga caacggaaaa ctcgattagt ttagagaaac agttaaatat
    18301 tattcaagtg gcagatttgg ttttaccaga cgcccaatct aatttttcag attacaccac
    18361 tcttgaatta ttgagtgtgg ctatgttaat tgtcatttcg acttttgctt tggatttcat
    18421 tcattctgat cgaaccaaat ttaaaattgt ggatttggac gaagcgtggt cgtttttaca
    18481 agtagctcaa ggaaaaacct tgtcgaatcg cttagttcgt gcaggacgtg caatgaatgc
    18541 gggtgtttat tttgtcacgc aaaatgcgga cgacttaatc gatgaaaaat tgaaaaacaa
    18601 tattggctta aagtttgcct ttcgttcaac ggatagtcag gaaatcaaaa aaacattgac
    18661 tttctttggt gtggatccca acgacgagga caatcaaaaa cggttgcgag aattagaaaa
    18721 tggccaatgc ttgattcaag atttatatgg gcgtgttggt acaattcaag tccatccagt
    18781 ctttgaagat ttattccatg cctttgatac tcgtcccccc gtccatcaag aagagtgagg
    18841 tgtatacatt gaaaccaaaa ttgaaaaaaa tgctaggtgt cattcttcta attggaggaa
    18901 tgactttttt atttctctta ctttttggta ctgtcgctca ggcgattgga ctagttgatg
    18961 ataccgtgga cgtacaaaat ttgtattcac aatatccttt gtctcattat caattggatt
    19021 tctacgttga taccgattgg gactggttgc cttggaattg gaaagatggc attggcaatc
    19081 aagtgcaata tggcttatat gctatgtctg attttatttg gaccattagt ttgtacctct
    19141 ccaatgcgac gggttacttg atcaaacaag cttacaaact ggatttcatc tcagacacag
    19201 cgaatcaaat tggtgaaaat attcaaatat tagcaggcat atcagaaaat ggcttttcga
    19261 cttctggctt ttatgttggc tttctgttgt tgtttattct gattgtaggg gcctatgttg
    19321 cctatgtcgg cttgctcaaa cgagagacat ccaaagcaat tcaagcagtc acgaattttc
    19381 ttgtggtgtt tgttttgtcg gccggcttta ttgcttttgc cccttcgtac attcaacgaa
    19441 ttaatgaatt ttctgccgat atttcgcaag ccagtttgga tttagggggg caaattattt
    19501 ttcctcattc ctcttcacaa ggaacagata gtgtagacag tattcgagat accttgtttt
    19561 cggtacaagt cgaacaacct tggcttttac tacaatttga taactctaat aaagaagaaa
    19621 ttggcgaaag tcgggtcaat gacctgttgg caatcaatcc tgataccaat aatgggaaag
    19681 atcgtgagga agcagtaaaa aatgaaattg aagaacacga caaccaacaa ctaaccttaa
    19741 caaaaacggt caatcgatta gggacggtta gttttttagt cttgtttaac attgggattt
    19801 ccattttcgt tttcttattg actggcatta tgattttcag tcaaattctg tttattctct
    19861 atgcaatgtt cttgcctatt attttcttgt tggctatgtt gccaaccttt agtggcatgg
    19921 gaaaagcggc attgatgaaa ctctttaata ccattatgtt gcgagctgga atcacgttga
    19981 ttattacggt ggcgtttagt ttatccacca tgttgtatag cctaaccacc agttatccct
    20041 ttttcctagt tgccttttta cagattgtga cttttgcggg tatctactta aagatgggcg
    20101 atattatgag tttgtttaat cttcaagcca acgattccca acaaattagt cgaggggtta
    20161 tgagacgacc aaaacaatat atgcaccgag gagcacgacg acttcaacga accattagtc
    20221 gaaccatgat cggtggttct cttgggtatt tggcaggcaa aaccaaagga agaaaaaatg
    20281 ccaagcaact tccttcaatt gcaggtacaa cgccttccaa tgctcgtgcg tctgtccctt
    20341 ccaatcaaca aaaaaatgat cgcacacaac gaccaaccac tcgaagttat cagactgggc
    20401 aacaaattgg gaaagtcttg gatagtaaaa atcgagcgag caattttgtg gctcaaaaga
    20461 aacaacaagt caaagagtta cctaaaacag ttacagggaa tcttcatcaa accatttctg
    20521 attttaaaca agggatgtca gatgaacgaa cggaatcagt aacaagtaaa aacagaccgg
    20581 ttgtacaatc tcgaaaaaca aaacaagaaa aaaagcgagg aacaacaaat cctacgactg
    20641 acaaaaacca tcaacgacca gctgttgatt cggttcaagc agtgaataag atacaacaag
    20701 caagtacgtc aaacaaacga atagattcag tatcgagaaa aaatagaccg gttattcaat
    20761 ctcgaaaaac aaatcgagaa atgaaaccaa ttcgttctac tgttactcgt ccacctgtac
    20821 aacacagacc atcgaataag atccaaacag tatcgcaaga agtaccacaa ggacagacag
    20881 cttccaaagt acaagagcga ataaccaaac aaaggaaccg ctcgataaaa caacaacctt
    20941 ctatcaagca acaagctcct atttctcgca agcaaccaac aaggtacatg acaaatcaga
    21001 aacaaacaac gtcaactgtc cgttattctc aaaataaccg tcaaaagaaa aatgtccgtt
    21061 tcacacgtcc aatgaaaaga aagtaggtca atcgctatga aatggaaact aaaaataatg
    21121 gtggctttaa cgctctttct gtccttcttt ggcttattat cttttgtggc aatttttgtg
    21181 gcagatgaac ctcaaggtaa ttcttctgat tccattgtta ttcaaggaag tggtttgtct
    21241 gtttcaccag aggtcctaaa gtatcgctcc ttagtagaaa aatacgcaaa acaagagaat
    21301 attgaggact atatccatat tctcttagcg attattcaag ttgaaagtgg cggcactcta
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    21361 aaagatgtca tgcaatcgtc agaatcaaaa ggcttacctc caaatacgat tactgatccc
    21421 gaagaatcaa taaaacaagg tgtttcttat tttgcaggac tggtacgttc tgcggaatcg
    21481 ttaggtgttg accaacaaag cgtgatccaa gcgtacaatt acggtgggag ctttttaaat
    21541 tatgtcgcga agaatgggaa aacttattcc tttgagttag cggaaagctt ttctaatgaa
    21601 caagccaaag gtcaacgagt gacttataaa aatgcacttt ctattcctaa aaatggcggc
    21661 tggcgttata actatggcaa tatgttttat gtgctattag ttatccaata tttagagaca
    21721 gcttcgcaaa agtttgataa tcaaaccgtt cagataatta tggatgaagc gttgaaatat
    21781 caaggctatc cctatgtttt tggcggttcc aatccaaata cctcttttga ctgtagcggc
    21841 attacccaat ggacctttca gaaagctggc atcattttgc ctcgtactgc ccaagcacaa
    21901 tacgaggtga tggatcattt gcctttgtca caagctgaac caggagattt aattttcttt
    21961 cactcgacct atgcaactgc cgattatgtg acacatgtcg gcatttatgt aggagatatg
    22021 agaatgtacc acgctggtga tccgattggt tacaccgact taaatgaaaa ctattggcag
    22081 caacatttaa ttggtgctgg acgaataaaa caataagaaa tgaggacaat tcatgaaaat
    22141 tcatattgaa cacaaaccta aaaaagaaaa agcaaacaga caaaagaaag tcaaaaccat
    22201 ccacttgggc actcacaaaa agagtgtcct tttcttgtgg ctgttattga ttggtagctt
    22261 tagttttggc ctgtataaaa actttaccgc tattgataca cacacgattc atgagacaac
    22321 agtcattgaa cctgtgcttg tggataccca tgcgattgag agttttactc ttaatttcat
    22381 tcaagaatat tattcttggg aaaataacaa agaagccatt gagcaacgac ctgaacgaat
    22441 caatcgttac ctgacttcgg aattacaaga attgaatgta gatacaattc ggaccgatat
    22501 tcccacgagc tcttctgtca gtgattgtaa aatttggcag atacaatcca ttgatgaaca
    22561 gaattttgta gtagtttata cggtcaagca acaaattaaa gaaggcgaag aaacgaaaaa
    22621 tgtggcttct acctatcgaa tcacgattca tcaagataag aataacaatc tagttattac
    22681 aagtaatcca accgtctggg cagcaccgaa tccctctgaa tttcaaccag atacacttgt
    22741 aaacgataat aatattgatg aacaaacgaa gctagaaatt ctcgattttt tagaaacttt
    22801 ctttaagttg tatcccaatg ctactaagaa tgaattggat tattatatga tggaagatgt
    22861 tttaccaata atcagtcaaa actttattta ctctgagttg gtgaatccaa ttattcagaa
    22921 gaaagagaaa cagtatctag taaaaatagc cgttcgatat ttagacaatg aaacaaagat
    22981 tgaaaatatt tcccaatacc aattaacttt agagaagaag gataactgga aaataataat
    23041 gaatgaataa agaatattaa gatgaaaaca atacttgaat atttagtata agcaaaaaaa
    23101 attgtatgtc actatagcaa acttataatg atttagcata aataatccaa aatatagcgt
    23161 gaaatcaacc ttctatgaga agtataagca aattcacctt tattctaact tataactatt
    23221 ttcattacat tacttaaaaa ggtctctcca attttttcca aataaacagt ataactttta
    23281 atgatatttt ccaagtcaaa cttaatatta acaattcaaa actattggaa ccactgcaaa
    23341 atattttgtt aagcagtata tatttcaaaa attatacgta atatatttgt aaaaaggttg
    23401 tggacagttg tcctattgac ctgaaaagta atataatagc tggatgaata aagaatccct
    23461 tatgaacttg taaatcgtta ttaaatcgct gaattttgat agccattctg aagagttatc
    23521 ttcaactact acactaactt ccattaattt ctcattaatt tccctttcgt tcaaaaaata
    23581 tggttggctt tacaagcatt ctatcatatg atagaattaa gataacattc aaaaggagat
    23641 aataaaaatg cggcaaggta ttcttaaata aactgtcaat tagatagcgg gaataattaa
    23701 ttaagcatcc ttatttaaaa taaggactgg ttttttgtgc ccagtttaag aatactttta
    23761 tcattttatc ataaagcatc tgtggctatc agtgtgtagt atacagctat ttttgtatta
    23821 aaatcccagt gataagagta tttatcactg ggattttttc tgctttttga gcttttgaat
    23881 ggaggaaata aaattgaaaa ttattaatat cggtatctta gcacatgttg atgcaggaaa
    23941 aactactttg acagaaagct tactatacag tagcggagca attaaagagt taggaagtgt
    24001 agatagcggt acaacgaaaa cggatactat gtttttggaa cgccagagag gtattactat
    24061 tcagaccgca ataacatctt ttcaacggga aaatgttaaa gtaaatattg tagatactcc
    24121 tggacacatg gattttttgg cagatgtata ccgttcatta tctgttttgg atggagctat
    24181 tttgctaatc tctgcaaaag atggagtaca gtcacaaact cgtatactat tccatgcact
    24241 tagaaagatg aacataccta taatattttt tattaacaaa attgatcaaa atggaataaa
    24301 tttgccagat gtttatcaag atattaagga caaactttct gacgacatca taattaagca
    24361 gactgtgaat ctaaatttga aaccttatgt aatagattat actgaaccag aacaatggga
    24421 gacagtaatt gtgggaaatg attatttatt agaaaaatat accattggga aaacattgaa
    24481 tattgcagaa cttgaaaagg aggaaaacga aagaattcaa agttgctcct tatatcctgt
    24541 ttatcacgga agtgcaaaga ataatattgg aattaaacaa cttatagagg taattactag
    24601 caaattattt tcacccacac aactcaattc agataaactt tgtggaaatg tttttaaagt
    24661 agaatattca gatgatggtc aacggcttgt ctatgtacgt ctttatagtg gaacgctaca
    24721 tttgcgagac tcagtcaata tatcagaaaa ggaaaaaata aaagttacag aaatgtatac
    24781 ttcaataaat ggagaattac gccagataga taaggcagag cctggtgaga ttattatttt
    24841 aaaaaatgag cttttaaaac taaataacgt acttggagat aaaaaaagat taccacatag
    24901 agaaattctt gagaatcctc ttcctatgtt acaaacaaca attgaaccat gtaaatcagt
    24961 acaaagagaa aagttactag atgcactttt tgaaatatcc gatagtgatc cccttctaca
    25021 atattatgta gatacagtaa ctcacgaaat tgtgctatct tttttaggtg aggtccaaat
    25081 ggaggtaact tgtactctga ttcaagaaaa atatcatatt gagatagaaa caagaaaacc
    25141 aactgtcatt tatatggaaa gaccattaaa aaaatctgaa tttaccattg atatcgaagt
    25201 acctccaaat cctttctggg cttctattgg tttatctgta acaccacttc ctttgggtag
    25261 tggcattcag tatgagagcc tggtttctct aggttattta aatcaatcat ttcaaaatgc
    25321 agttatggaa ggtatacgct atgggtgtga acaaggattg tacggttgga aattaacaga
    25381 ctgtaagatc tgttttaagt atggtctata ttacagccct gtcagtacgc cagcagattt
    25441 ccgaatgctt gcgcctattg tactagagca ggcttttaga aagagtggta cagagttatt
    25501 agagccatat cttagcttcg aaatttatgt accacaagaa tatctttcga gagcatataa
    25561 tgatgcttcc aaatattgtg caaatatttt aaatactaag ttaaaaggta acgaggtcat
    25621 tctcattggt gaaattccag cccgttgtat tcaagagtat cgaaacagtt taactttctt
    25681 tacaaatgga cgcagtgtct gtttaacaga gttaaaaggt tatcaggtta ctaacattaa
    25741 gtctgctttc caaccacgtc gtccaaataa tagaatagac aaagtaaggc atatgtttaa
    25801 taaaatcaac ttacattgat agtgaactaa agagaaattt ttaaaatgaa tattgagttg
    25861 ttaattagaa caggaggata tagatattgt aaatactagg tggatactgt gccctatatg
    25921 tggcaataag acccgtttaa aaatgaggga agatactgaa ttaaaaaatt tccctctatt
    25981 ttgtcctaaa tgcagacaag aaattttaat tgaaataacg aagtttagaa taactgtaat
    26041 tacagagcca gacgcaaaga cgcagagccg ataattcgag atatcaaaat ctcattttat
    26101 cggctttttc ttttctatgc ataccattga gcttagttct tgatatcctt tataagaaaa
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    26161 taagtgtact gatttttttt gcagtagctg tattacagta gacatccctc aagcataaaa
    26221 agtatacaat taaaattcaa tacttgatta ttgatgaagt acagagttac tcgtcatttc
    26281 aaaactagta tatcagtcaa gtttttccta aggaacaaaa acgaacttcg ctatgggaat
    26341 caaaaatttt tagtcggatg aagtgatatg caataaatcc agaaaatttt cccaacaaca
    26401 aaaaatgaac tgtactttgc agcgataaga gtaaccaaag aactatttat cattcgctct
    26461 agttcctaag tgtaacaaag ataaattcat tttctattta tgattaacaa aaatcagaaa
    26521 aaattcatta catctttgta atcaatcttt cctgatagta ttaattaatc cattgtgtat
    26581 tattgaacta gttaaattta catttttctc cgtaaattgc ttgaatcact ttcccaatcg
    26641 tcactaattc atcttcatcc agacaatcca actgtgcttc tacttgaaga cgtttggagc
    26701 ttttatgact gttttcttcc cctaaaataa atccatccaa agaaatattt agcaaagtca
    26761 ctaaatcata tacaacatga aaacttggct gttgtccttt attttcaatg ttcgtcaaat
    26821 agcgtggcgc aatctggatc attgatccta cctgctcacg agtcaatcct ttactaagac
    26881 gggcttcttt aatcgcaaga cccaatggtt tgaaatcaaa agttctatgt ttttttctgt
    26941 ccatcatata tcacctatcg gcattatact gttcctatct aaatgtaaac aggccttata
    27001 taaagcagta tatagcttaa ataaatccta tttttttcaa attgctaaaa gaaaaaaaaa
    27061 atcagtcttt tagccgattt ctttcctatg cacaaaaata tatctggagt acactaaacg
    27121 acgatttctg aatcgtcatt tttttatgtg taaagctaaa gacgatgttt ttgggagaat
    27181 aaaccatgac tcaatgacag catccattgg atttatttac taaatttatc aaaaaaattt
    27241 tttctatttc aaagaatcct ttcggattaa aatgtagttt cctggttcta ttaaaaggga
    27301 actatttgtg tgaattactt tgtccatatc gtcggatatg gacttttttg tgtttttcta
    27361 aaagtttttt tcaaaaattc cgtcatttcc tctctttacg tcgggttata ttacgaaagg
    27421 agataaatgt tcattggaat catcttcttt ctcaacggga aaggaggtgt gaatgacatg
    27481 agttcttccc tgttccaagc tgccattgaa atgcaatttg actatatttg taaacgatcc
    27541 attgatgacg aacgtaagga ccttttaaag tctctcagtc ggatatcaaa aaaagaagtc
    27601 gctttttcag aactagatga ttatgtagtg gaacagtttg ctagtattga ccagtatcca
    27661 tccgatttca gttactttga attggagggt gcagaaattg ctgttaaaag tatgtctcta
    27721 ggagaagcat tagagcgttt gccaaagaaa aaaagaaaca ttatcttgtt ttattacttt
    27781 attgaaatga atgacgcaga aattgcaaat ttgatgggat tgagtcgctc aacggtaaat
    27841 gagcatcgac acaaagcgtt acatttgatt cgaaaattca gaaggaggat gcgcaatgaa
    27901 gacaacctat tccagagtcc cctttgacgt gattgtacag gcaattgatg gtgatgtggt
    27961 ggcaattaat caaatcaaag aacattttcg tccgtatatg atgcaacgct ctctccggtt
    28021 tctgaaagat gaagtagggc aaaaacatct ggtggtagat gaagtattat ctgctcgtct
    28081 tgaaacacgt ttgcttacaa aaatcttagc atttaagatt tgatagcttc atccttcgtg
    28141 gaggtgggtc aacctctcac acttcctcga ttgtttatta ttccatgaaa gtttactggt
    28201 ttaagcaaat tttcatgggc tagtaagcca cttgctcctt gacaactaaa tagcataatt
    28261 agatacgttc agttttagaa gaagcggtgt aagaaagtgc gcgatgattt tcatttgaaa
    28321 ggagcgatac acactttggt tacagctttc attttgggaa aatggaagtg cgaggatctc
    28381 taagctggat aatgatacac ctaccttgaa cgcctcaccg cattaggtag ctctccgcgt
    28441 atgagaagag atgaaacttc tgtgggtctt cccagaccgt ctaattatga gtactaccga
    28501 ttgttacgag gatttataca cctgttacta agaccagata ctgatttctg cctttgaatt
    28561 gttagatgca aaatctgtta gtttaatggc atcgcccaga ttcatttttt caatggatcg
    28621 ctcgccgctt ttccattttt tgatggaact taaactgata cctgtgtggt cagaaagttc
    28681 ttttgctggt ttttctttca aaattttacg aattaaatga atgtctgcga taccttgttt
    28741 cataagggat tagcctcctt ttcatagaaa attttaccat gccactgtag tggttttcaa
    28801 gcttatttca agggtactat agtggtctgg cggaattttt gataggagag agccaaaaat
    28861 acaaaaatag ataggttttt aaactttctt aaacgaggtg atgaaatgaa aattgaaatt
    28921 tcattagaag acaatagtga aataatcgaa gttttaaccg aacagatact gcagcgaatt
    28981 gaagaacaat caacaaaatt ttcttctgtc aatgacttac caccctatcc gaatcgtaag
    29041 caagtcaaaa aaagattacg tattggagat gaccgattaa atcagtggat tgcctcagga
    29101 ttaaaagtca tcccttttgg aaaagaagct cgttttgatc gcgatgatat caaagatttc
    29161 ttacaccact taaaagttta agtttgacga tttacgccaa tccgcctatg ataccagtat
    29221 ggaaggagga aaaacgattt ccctttgata tactggcgaa tcattcaaag gagaactccc
    29281 atgattaaaa aatatacaaa aaagaatggg tctactgctt atctggttaa agtctattta
    29341 ggcgttgatc cgcttactgg aaagaagaaa acaacaacca agcgagggtt caaaacccaa
    29401 aaagcagcca aacaagaagt agcacgttta cagttactcg cacaagaata tgatcttgtc
    29461 atcgagtcta accgattgtt ttcggatatc gctttagagt ggtttgaaca atataaaaat
    29521 acggtcaaag aaagtaccta tgttgttcaa agagtcgcat taaacaaaca tattcttcca
    29581 ctatttggtg aacggagaat ttctaaaatc tccattccgt attgtcagaa acaagtcaat
    29641 cattggtatt cctattacaa aaagtattct aatctgattg gtatgacaaa ctccattttt
    29701 caatacgcca aaagcttacg actgattcgt agaaatccaa tggaaggcgt tattcgacca
    29761 aagagacaaa aacaaattga tgaagaaaaa tatacggctc ccttctatac gaaagcagaa
    29821 gttctatact tcttgcaaat tgctaaaaaa tatcctgatc cattgtaccc aatgtttcat
    29881 attttaactt ttacaggctt acgtaaaggt gaattactag ctttacgatg gaaagacatt
    29941 gatttcaaac gaggaaccct ttctgttaag caaacattaa cgactgttga agattggaaa
    30001 ttagctttcc aaaccccgaa aacagaaaaa agtttgcgaa ctatttcgat tgataatcaa
    30061 actttatcaa tctttcgaca atgtattctt aaacaaaaag cctttttttt aaaaacaggt
    30121 agaaaacctg tggaaaatgg cgcacaactt cttttcacga cagaagaaaa taaaccgcat
    30181 tacctagatt tcttaaatca taatttaact aaaatactga aagaaaataa gttaaagcat
    30241 atgactgttc atggttttcg tcatacgcat tgtagtttat tgtttgaatc aggagcttct
    30301 atcaaagaag tacaagttcg tttgggtcat acggatgttc gaactaccat ggatatttac
    30361 gcccatgtga gtgaacagaa aaaagaagaa acggcagatc gttttgctga ttacatgaat
    30421 aagttgcacg aggaagaaga tgggatggtc aaaaggatgg tcaaaacgaa aaaagagcag
    30481 actccaccta taatgaagtc tgctaaaagc tgataaatca gcgtttttct tattccgcag
    30541 cgtttgcgtc tttgagaccg tattttttgt tgaaacggtc cacacgtccg tctgcttgtg
    30601 tgaatttttg acgaccagtg t
//
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LOCUS       JN208880                6862 bp    DNA     linear   BCT 30-OCT-2012
DEFINITION  Enterococcus faecium strain A119 transposon Tn6000, partial
sequence.
ACCESSION   JN208880
VERSION     JN208880.1  GI:347952132
KEYWORDS    .
SOURCE Enterococcus faecium
  ORGANISM  Enterococcus faecium
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 6862)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Different Genetic Supports for the tet(S) Gene in Enterococci
  JOURNAL   Antimicrob. Agents Chemother. 56 (11), 6014-6018 (2012)
   PUBMED   22908170
REFERENCE   2  (bases 1 to 6862)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Spread of tet(S) among enterococci is associated with CTn6000
  JOURNAL   Unpublished
REFERENCE   3  (bases 1 to 6862)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Direct Submission
  JOURNAL   Submitted (05-JUL-2011) Microbiology, REQUIMTE Pharmacy Faculty,
Porto University, Rua Anibal Cunha, 164, Porto 4050-047, Portugal
FEATURES Location/Qualifiers
     source 1..6862
/organism="Enterococcus faecium"
/mol_type="genomic DNA"
/strain="A119"
/isolation_source="nontreated drinking water from
fountain"
/db_xref="taxon:1352"
/country="Portugal"
/collection_date="2008"
mobile_element  <1..>6862
/note="conjugative transposon"
/mobile_element_type="transposon:Tn6000"
misc_feature    1..>293
/note="similar to hypothetical protein; ORF14; disrupted
by group II intron; putative conjugation related protein"
gene            1007..2836
/gene="rvt"
CDS             1007..2836
/gene="rvt"
/note="group II intron reverse transcriptase"
/codon_start=1
/transl_table=11
/product="reverse transcriptase"
/protein_id="AEP33191.1"
/db_xref="GI:347952133"
/translation="MTVKVSNKKALRFNEYYDTQKIQDELYQLSAEGSHVFRDLMSYI
TQEENILLAYRNIKSNKGSKTAGTNKRTIIDVGEENPYQLVQYVQNRFNNFQPHSIRR
VEIPKPNGKTRPLGIPTIEDRLVQQCIKQILEPILEAKFHKHSYGFRPERSSHHAIAI
FQQWTFKGFHYVVDIDIKGFFDNVNHGKLLKQLWTMKIRDKTFISILSRMLKAEVKGI
GKSTKGTPQGGILSPLLANVVLNELDWWIDSQWDGFPTKRKYSSLLSKTQSIRKYSNL
KEIKIVRYADDFKIMCKDYHTAQKIFLATKQWLKVRLDLDISPEKSKVTNLRKNYSDF
LGFKLKVKKGKANGYTNRSRMCDKAKINAVDKLKNNIKTIAANPTVDNVNKYNSVVLG
LHNYYKIATLVNLDFVDIAFTVNKSLDCRTKNIRNKHGTLTSTYQKFYKQYNWKKRFI
ANMILFPIAGIKFTMPRIFPKDWNRYTPEGRLFIHQRLKMDMHTVYYLLENSNPNKSV
EFNDNRISLFIAQQGKCHVSGENLSKDNMEVHHIKPLSLGGNDNYKNLVIVTKETHKL
IHATKRETIVHYLPLVLKKERSLEKLNKLRALAGNSEIEMNYC"
misc_feature    <2932..2997
/note="similar to hypothetical protein; ORF14; disrupted
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by group II intron; putative conjugation related protein"
     CDS             3014..3931
/note="ORF13; putative conjugation related protein"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AEP33192.1"
/db_xref="GI:347952134"
/translation="MKIHIEHKPKKEKANRQKKVKTIHLGTHKKSVLFLWLLLIGSFS
FGLYKNFTAIDTHTIHETTVIEPVLVDTHAIESFTLNFIQEYYSWENNKEAIEQRPER
INRYLTSELQELNVDTIRTDIPTSSSVSDCKIWQIQSIDEQNFVVVYTVKQQIKEGEE
TKNVASTYRITIHQDKNNNLVITSNPTVWAAPNPSEFQPDTLVNDNNIDEQTKLEILD
FLETFFKLYPNATKNELDYYMMEDVLPIISQNFIYSELVNPIIQKKEKQYLVKIAVRY
LDNETKIENISQYQLTLEKKDNWKIIMNE"
     mobile_element  4208..5532
/mobile_element_type="insertion sequence:ISEfm2"
     repeat_region   4221..4233
/rpt_type=inverted
     gene            4302..5480
/gene="tnpA"
     CDS             4302..5480
/gene="tnpA"
/note="ISEfm2 transposase"
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AEP33193.1"
/db_xref="GI:347952135"
/translation="MNDFTTEILKTLANKGDLNELFRVHLEKAVNTLLKTELTAFLDY
EKYDRIGFNTGNSRNGSYDRTVKTEYGELHLQIPRDRNGEFKQQTVPAYRRTNDTLEE
TVIHLFRKGITMSEIADLIEKMYGHHYTPQTMSNMTKVLTEEVNAFKVRTLNDKYVAI
FMDATYIPLKRQTVSKEAIYIAIGIREDGTKEVLSYAIAPTESTYVWNELLQDIYSRG
VHDVLLFITDGLKGMKDTIHQIYPKAKYQHCCVHVSRNIAHKVRVKDRKEICDDFKAV
YQASSKEEANTFLGSMIEKWQKTYPKVTQSLIKNQDLLTFYEFPPGIRRSIYSTNLIE
SFNKQIKKYSRRKDQFQNEESLERFLVSIFDTYNQKFLNRSHKGFQQVTDTLASMFTE
"
     repeat_region   5506..5518
/rpt_type=inverted
     gene            6108..>6862
/gene="tetS"
     CDS             6108..>6862
/gene="tetS"
/note="tetracycline resistance protein"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AEP33194.1"
/db_xref="GI:347952136"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCG"
ORIGIN
1 aagcgttgaa atatcaaggc tatccctatg tttttggcgg ttccaatcca aatacctctt
61 ttgactgtag cggcattacc caatggacct ttcagaaagc tggcatcatt ttgcctcgta
121 ctgcccaagc acaatacgag gtgatggatc atttgccttt gtcacaagct gaaccaggag
181 atttaatttt ctttcactcg acctatgcaa ctgccgatta tgtgacacat gtcggcattt
241 atgtaggaga tatgagaatg taccacgctg gtgatcgtgc gagacgttcc taactgaaaa
301 ggttaggcag ttacaacctc gcaaaaacaa aagttgtaac gagaactgat aattcgaaaa
361 gtcgaatgac ggagtaacgc cctgaaaggc tttagctaaa actgcgacag gcgataaatt
421 attaaggatt tcatggtctg gagctcgcag aagtcgactg agaagacgcc ctaatcgtat
481 tttgagaata cgaaaggaaa tgcgaactag aggtagtcga gtgtccgata ggtcgggctt
541 ccataaaata ctcatggtaa gaatgtgcga aaagcactga cgaaattctg aatgtacgtg
601 tctacaccgc gaagttgtct aacggcagct actacaaatc gtagggtttg tggggtggag
661 taaaactggt cactatgaaa ctccctatat cgttacaggc gatatcaagc aaacaggcac
721 agagggatta cctaaaagta tgatgtacgg atagaattat cggaacgtcg taagctgaaa
781 acacggatac gcttattcgt aaatgaagtg tttgtaagga aaagctttga ctataactta
841 cattaatttc agtgaaagtg gtggcacagt acctacgaaa cagtgataac aagctgtgga
901 gggatagcca ctagtcaaca gtaattcaat ctatttgact gttcatgaat taggttcggg
961 taagactaag atagggaaac ttcattatta cggaaggaac caactaatga cagtcaaagt
     1021 tagtaacaaa aaggcactga ggttcaatga gtattacgat actcagaaaa ttcaagacga
     1081 actctatcaa ttatctgccg aaggcagtca tgtgtttaga gatttaatga gctatatcac
     1141 acaagaagaa aatattttat tggcttatcg aaatatcaaa agcaataaag gcagtaaaac
     1201 tgctggaaca aataaaagaa cgattattga tgttggtgaa gaaaacccat atcaattagt
     1261 tcaatacgtt caaaatcgat ttaacaactt tcaacctcac tccatcagaa gagtcgagat
     1321 tccaaagcca aatggtaaaa ccagaccgct aggaatccca acaattgagg atagattagt
     1381 acagcaatgc ataaagcaga tccttgaacc aattttggaa gcaaaattcc ataagcattc
     1441 ttatggattt cgaccagaaa gaagttcgca ccatgccata gcgatatttc agcaatggac
     1501 atttaaagga tttcactatg tagtggacat tgatattaag ggcttctttg acaatgtaaa
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     1561 tcatggaaaa ttgcttaagc aactctggac aatgaaaatt cgagacaaga catttatttc
     1621 aatattgtcg agaatgctta aggcagaggt aaaaggcatt ggaaaatcaa ccaaaggaac
     1681 cccacaaggt ggtattcttt ctcctctttt agctaatgtg gtgctaaacg aattagattg
     1741 gtggatagat agtcagtggg acggatttcc aaccaaaaga aaatacagta gtctgctgag
     1801 taaaactcaa tcaataagaa agtattcaaa cttgaaagaa atcaaaattg tccgttacgc
     1861 agatgatttc aaaatcatgt gcaaagatta tcatactgcc cagaaaattt tcctcgcaac
     1921 aaaacaatgg ttaaaagtac gacttgattt agacataagt cctgaaaagt caaaagtaac
     1981 taatctgaga aaaaattatt ctgactttct aggattcaag ttgaaagtga aaaaaggaaa
     2041 agcaaacgga tataccaatc gaagccgaat gtgtgataag gcaaagatta atgcggtaga
     2101 taaactaaag aacaatatca aaacaatcgc cgctaatcca actgtagata atgtcaataa
     2161 gtacaactct gttgttctag gtttgcataa ctattataaa attgcgactc tggtcaactt
     2221 agattttgta gatattgctt tcacagtaaa taaaagtctt gattgtcgaa ccaaaaatat
     2281 tcgcaataag cacggaacgc taaccagtac ctatcaaaaa ttctataaac aatataactg
     2341 gaagaaacga ttcatagcga acatgatttt atttccaata gccgggataa aatttacaat
     2401 gccaagaatc tttccgaagg actggaatcg atatacgcct gaaggtaggc tgtttattca
     2461 tcaaagatta aagatggata tgcataccgt ttattacctg ctggaaaatt ccaatccgaa
     2521 taagtctgta gaatttaacg ataatcgaat ctctctgttc atagcccaac aaggaaaatg
     2581 tcatgttagt ggtgaaaatt tatcaaaaga taatatggaa gttcatcaca ttaagccgtt
     2641 atcacttggt gggaatgata actataagaa tcttgtgatt gttacaaaag aaacacacaa
     2701 attgattcat gcgactaaaa gagaaacgat agttcattat ttacctttgg tattaaaaaa
     2761 ggaaagatca ttggaaaagc tgaataaatt acgtgcttta gctgggaata gtgaaataga
     2821 aatgaattac tgttgatgga acgccgtgtg aggggaaact ctcatgcacg gtgtgaagcg
     2881 ggggaaaaga tggagataac ctcaaagtct tacctatcgc tatcgattgg ttacaccgac
     2941 ttaaatgaaa actattggca gcaacattta attggtgctg gacgaataaa acaataagaa
     3001 atgaggacaa ttcatgaaaa ttcatattga acacaaacct aaaaaagaaa aagcaaacag
     3061 acaaaagaaa gtcaaaacca tccacttggg cactcacaaa aagagtgtcc ttttcttgtg
     3121 gctgttattg attggtagct ttagttttgg cctgtataaa aactttaccg ctattgatac
     3181 acacacgatt catgagacaa cagtcattga acctgtgctt gtggataccc atgcgattga
     3241 gagttttact cttaatttca ttcaagaata ttattcttgg gaaaataaca aagaagccat
     3301 tgagcaacga cctgaacgaa tcaatcgtta cctgacttcg gaattacaag aattgaatgt
     3361 agatacaatt cggaccgata ttcccacgag ctcttctgtc agtgattgta aaatttggca
     3421 gatacaatcc attgatgaac agaattttgt agtagtttat acggtcaagc aacaaattaa
     3481 agaaggcgaa gaaacgaaaa atgtggcttc tacctatcga atcacgattc atcaagataa
     3541 gaataacaat ctagttatta caagtaatcc aaccgtctgg gcagcaccga atccctctga
     3601 atttcaacca gatacacttg taaacgataa taatattgat gaacaaacga agctagaaat
     3661 tctcgatttt ttagaaactt tctttaagtt gtatcccaat gctactaaga atgaattgga
     3721 ttattatatg atggaagatg ttttaccaat aatcagtcaa aactttattt actctgagtt
     3781 ggtgaatcca attattcaga agaaagagaa acagtatcta gtaaaaatag ccgttcgata
     3841 tttagacaat gaaacaaaga ttgaaaatat ttcccaatac caattaactt tagagaagaa
     3901 ggataactgg aaaataataa tgaatgaata aagaatatta agatgaaaac aatacttgaa
     3961 tatttagtat aagcaaaaaa aattgtatgt cactatagca aacttataat gatttagcat
     4021 aaataatcca aaatatagcg tgaaatcaac cttctatgag aagtataagc aaattcacct
     4081 ttattctaac ttataactat tttcattaca ttacttaaaa aggtctctcc aattttttcc
     4141 aaataaacag tataactttt aatgatattt tccaagtcaa acttaatatt aacaattcaa
     4201 aactattgag agtgtaaaat attttgtgta aatagaaaaa aggaagtccc ttctgtagaa
     4261 tagagttacc acaacacatt cacagaaaag aggacttcca tatgaacgat tttactacag
     4321 aaattctaaa gactctagcg aacaaaggcg atttgaatga attattccgt gtccatttgg
     4381 aaaaagctgt caatacgctt ctcaaaacgg agttaacggc tttcctcgat tacgaaaagt
     4441 acgatcgtat tggttttaac acgggtaatt ctcgtaacgg ctcctatgac cgtacggtca
     4501 agaccgagta cggggaactt catctccaga ttccgcgcga ccgcaacggc gagttcaagc
     4561 aacagactgt tcctgcttat agacggacga atgatacctt agaggagacc gtcattcacc
     4621 tcttccgaaa aggtattacc atgtcggaaa tcgcagactt gattgagaaa atgtatgggc
     4681 atcactacac gccccaaacc atgtccaaca tgactaaagt gctgactgaa gaagtaaatg
     4741 catttaaagt tagaactcta aatgataagt atgtcgctat tttcatggat gctacttata
     4801 ttcctttaaa acggcaaacc gtctccaaag aagcaatcta tattgccatt ggtatacgag
     4861 aagacggcac taaagaagta ctaagttatg cgattgctcc gactgaatcg acctacgttt
     4921 ggaatgagtt gttacaggac atttactcca gaggggttca tgatgtctta ctgtttatta
     4981 ccgatggctt aaaaggcatg aaagatacga ttcaccagat ttatcctaaa gctaaatacc
     5041 aacattgctg tgttcacgtt tcccgtaata ttgctcataa agtacgtgtc aaagatcgaa
     5101 aagaaatctg tgatgatttt aaggctgttt atcaagctag ctcaaaggaa gaggcaaata
     5161 cctttttagg gagtatgatt gagaagtggc agaaaactta tcctaaagtg acgcagtcac
     5221 tgataaaaaa tcaagattta ttgacttttt atgagtttcc gcctggtatc cgccgaagca
     5281 tttactcaac taatttaatc gaatctttca ataaacaaat caagaaatac agccgcagaa
     5341 aagatcagtt tcaaaatgaa gaatcactag agcgtttcct agtatccatc tttgatacat
     5401 acaatcaaaa attcttaaat agaagccata aaggcttcca acaagtgacg gatacattag
     5461 cttcaatgtt tactgagtaa cccattattt tgcagaagga cgagttattt acacaaaatt
     5521 attgacgctc ccaaactatt ggaaccactg caaaatattt tgttaagcag tatatatttc
     5581 aaaaattata cgtaatatat ttgtagaaag gttgtggaca gttgtcctat tgacctgaaa
     5641 agtaatataa tagctggatg aataaagaat cccttatgaa cttgtaaatc gttattaaat
     5701 cgctgaattt tgatagccat tctgaagagt tatcttcaac tactacacta acttccatta
     5761 atttctcatt aatttccctt tcgttcaaaa aatatggttg gctttacaag cattctatca
     5821 tatgatagaa ttaagataac attcaaaagg agatgataaa aatgcggcaa ggtattctta
     5881 aataaactgt caattagata gcgggaataa ttaattaagc atccttattt aaaataagga
     5941 ctggtttttt gtgcccagtt taagaatact tttatcattt tatcataaag catctgtggc
     6001 tatcagtgtg tagtatacag ctatttttgt attaaaatcc cagtgataag agtatttatc
     6061 actgggattt tttctgcttt ttgagctttt gaatggagga aataaaattg aaaattatta
     6121 atatcggtat cttagcacat gttgatgcag gaaaaactac tttgacagaa agcttactat
     6181 acagtagcgg agcaattaaa gagttaggaa gtgtagatag cggtacaacg aaaacggata
     6241 ctatgttttt ggaacgccag agaggtatta ctattcagac cgcaataaca tcttttcaac
     6301 gggaaaatgt taaagtaaat attgtagata ctcctggaca catggatttt ttggcagatg
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     6361 tataccgttc attatctgtt ttggatggag ctattttgct aatctctgca aaagatggag
     6421 tacagtcaca aactcgtata ctattccatg cacttagaaa gatgaacata cctataatat
     6481 tttttattaa caaaattgat caaaatggaa taaatttgcc agatgtttat caagatatta
     6541 aggacaaact ttctgacgac atcataatta agcagactgt gaatctaaat ttgaaacctt
     6601 atgtaataga ttatactgaa ccagaacaat gggagacagt aattgtggga aatgattatt
     6661 tattagaaaa atataccatt gggaaaacat tgaatattgc agaacttgaa aaggaggaaa
     6721 acgaaagaat tcaaagttgc tccttatatc ctgtttatca cggaagtgca aagaataata
     6781 ttggaattaa acaacttata gaggtaatta ctagcaaatt attttcaccc acacaactca
     6841 attcagataa actttgtgga aa
//
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Enterococcus faecalis strain WBH16 plasmid insertion sequence IS1216 transposase gene,
partial cds; and TetS (tetS) gene, partial cds
GenBank: JN980097.1
FASTA  Graphics
Go to:
LOCUS       JN980097                1552 bp    DNA     linear   BCT 19-MAR-2012
DEFINITION  Enterococcus faecalis strain WBH16 plasmid insertion sequence
IS1216 transposase gene, partial cds; and TetS (tetS) gene, partial
cds.
ACCESSION   JN980097
VERSION     JN980097.1  GI:380040898
KEYWORDS    .
SOURCE Enterococcus faecalis
  ORGANISM  Enterococcus faecalis
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 1552)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Spread of tet(S) among enterococci is mediated by CTn6000 and
plasmids harbouring different composite sequence
  JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 1552)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Direct Submission
  JOURNAL   Submitted (01-NOV-2011) Microbiology, REQUIMTE, Pharmacy Faculty,
Rua Jorge Viterbo Ferreira #228, Porto 4050-313, Portugal
FEATURES Location/Qualifiers
     source 1..1552
/organism="Enterococcus faecalis"
/mol_type="genomic DNA"
/strain="WBH16"
/isolation_source="clinical sample"
/db_xref="taxon:1351"
/plasmid="unnamed"
/country="Serbia"
/collection_date="2002"
/note="CC87/ST28"
mobile_element  <1..129
/mobile_element_type="insertion sequence:IS1216"
CDS             complement(<1..61)
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AFD32986.1"
/db_xref="GI:380040900"
/translation="MTMNHFKGKQFQQDVIIVAV"
repeat_region   118..129
/note="IR left"
/rpt_type=inverted
gene            749..>1552
/gene="tetS"
CDS             749..>1552
/gene="tetS"
/note="tetracycline resistance protein"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AFD32985.1"
/db_xref="GI:380040899"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQRLVYV"
ORIGIN
1 ccacggctac aataatcaca tcctgctgaa attgctttcc tttaaaatga ttcatcgtca
61 ttcctcctgc tatctttttc tattattcta ccttatttga tagtagattt aaaactttgc
Display Settings: GenBank
Nucleotide
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121 aacagaaccc ttttaatgat attttccaag tcaaacttaa tattaacaat tcaaaactat
181 tggaaccact gcaaaatatt ttgttaagca gtatatattt caaaaattat acgtaatata
241 tttgtagaaa ggttgtggac agttgtccta ttgacctgaa aagtaatata atagctggat
301 gaataaagaa tcccttatga acttgtaaat cgttattaaa tcgctgaatt ttgatagcca
361 ttctgaagag ttatcttcaa ctactacact aacttccatt aatttctcat taatttccct
421 ttcgttcaaa aaatatggtt ggctttacaa gcattctatc atatgataga attaagataa
481 cattcaaaag gagataataa aaatgcggca aggtattctt aaataaactg tcaattagat
541 agcgggaata attaattaag catccttatt taaaataagg actggttttt tgtgcccagt
601 ttaagaatac ttttatcatt ttatcataaa gcatctgtgg ctatcagtgt gtagtataca
661 gctatttttg tattaaaatc ccagtgataa gagtatttat cactgggatt ttttctgctt
721 tttgagcttt tgaatggagg aaataaaatt gaaaattatt aatatcggta tcttagcaca
781 tgttgatgca ggaaaaacta ctttgacaga aagcttacta tacagtagcg gagcaattaa
841 agagttagga agtgtagata gcggtacaac gaaaacggat actatgtttt tggaacgcca
901 gagaggtatt actattcaga ccgcaataac atcttttcaa cgggaaaatg ttaaagtaaa
961 tattgtagat actcctggac acatggattt tttggcagat gtataccgtt cattatctgt
     1021 tttggatgga gctattttgc taatctctgc aaaagatgga gtacagtcac aaactcgtat
     1081 actattccat gcacttagaa agatgaacat acctataata ttttttatta acaaaattga
     1141 tcaaaatgga ataaatttgc cagatgttta tcaagatatt aaggacaaac tttctgacga
     1201 catcataatt aagcagactg tgaatctaaa tttgaaacct tatgtaatag attatactga
     1261 accagaacaa tgggagacag taattgtggg aaatgattat ttattagaaa aatataccat
     1321 tgggaaaaca ttgaatattg cagaacttga aaaggaggaa aacgaaagaa ttcaaagttg
     1381 ctccttatat cctgtttatc acggaagtgc aaagaataat attggaatta aacaacttat
     1441 agaggtaatt actagcaaat tattttcacc cacacaactc aattcagata aactttgtgg
     1501 aaatgttttt aaagtagaat attcagatga tggtcaacgg cttgtctatg ta
//
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Enterococcus faecium strain E241 plasmid TetS (tetS) gene, partial cds; and insertion
sequence IS1216 transposase gene, partial cds
GenBank: JN980096.1
FASTA  Graphics
Go to:
LOCUS       JN980096                1544 bp    DNA     linear   BCT 19-MAR-2012
DEFINITION  Enterococcus faecium strain E241 plasmid TetS (tetS) gene, partial
cds; and insertion sequence IS1216 transposase gene, partial cds.
ACCESSION   JN980096
VERSION     JN980096.1  GI:380040895
KEYWORDS    .
SOURCE Enterococcus faecium
 ORGANISM  Enterococcus faecium
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 1544)
 AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
 TITLE     Spread of tet(S) among enterococci is mediated by CTn6000 and
plasmids harbouring different composite sequence
 JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 1544)
 AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
 TITLE     Direct Submission
 JOURNAL   Submitted (01-NOV-2011) Microbiology, REQUIMTE, Pharmacy Faculty,
Rua Jorge Viterbo Ferreira #228, Porto 4050-313, Portugal
FEATURES Location/Qualifiers
    source 1..1544
/organism="Enterococcus faecium"
/mol_type="genomic DNA"
/strain="E241"
/isolation_source="hospital residual water"
/db_xref="taxon:1352"
/plasmid="unnamed"
/country="Portugal"
/collection_date="2002"
/note="ST17/CC17"
gene            complement(<1..792)
/gene="tetS"
CDS             complement(<1..792)
/gene="tetS"
/note="tetracycline resistance protein"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AFD32983.1"
/db_xref="GI:380040896"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQR"
mobile_element  1412..>1544
/mobile_element_type="insertion sequence:IS1216"
repeat_region   1412..1433
/note="IR left"
/rpt_type=inverted
CDS             1480..>1544
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AFD32984.1"
/db_xref="GI:380040897"
/translation="MTMNHFKGKQFQQDVIIVAVG"
ORIGIN
1 ccgttgacca tcatctgaat attctacttt aaaaacattt ccacaaagtt tatctgaatt
61 gagttgtgtg ggtgaaaata atttgctagt aattacctct ataagttgtt taattccaat
     121 attattcttt gcacttccgt gataaacagg atataaggag caactttgaa ttctttcgtt
Display Settings: GenBank
Nucleotide
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181 ttcctccttt tcaagttctg caatattcaa tgttttccca atggtatatt tttctaataa
241 ataatcattt cccacaatta ctgtctccca ttgttctggt tcagtataat ctattacata
301 aggtttcaaa tttagattca cagtctgctt aattatgatg tcgtcagaaa gtttgtcctt
361 aatatcttga taaacatctg gcaaatttat tccattttga tcaattttgt taataaaaaa
421 tattataggt atgttcatct ttctaagtgc atggaatagt atacgagttt gtgactgtac
481 tccatctttt gcagagatta gcaaaatagc tccatccaaa acagataatg aacggtatac
541 atctgccaaa aaatccatgt gtccaggagt atctacaata tttactttaa cattttcccg
601 ttgaaaagat gttattgcgg tctgaatagt aatacctctc tggcgttcca aaaacatagt
661 atccgttttc gttgtaccgc tatctacact tcctaactct ttaattgctc cgctactgta
721 tagtaagctt tctgtcaaag tagtttttcc tgcatcaaca tgtgctaaga taccgatatt
781 aataattttc aattttattt cctccattca aaagctcaaa aagcagaaaa aatcccagtg
841 ataaatactc ttatcactgg gattttaata caaaaatagc tgtatactac acactgatag
901 ccacagatgc tttatgataa aatgataaaa gtattcttaa actgggcaca aaaaaccagt
961 ccttatttta aataaggatg cttaattaat tattcccgct atctaattga cagtttattt
     1021 aagaatacct tgccgcattt ttattatctc cttttgaatg ttatcttaat tctatcatat
     1081 gatagaatgc ttgtaaagcc aaccatattt tttgaacgaa agggaaatta atgagaaatt
     1141 aatggaagtt agtgtagtag ttgaagataa ctcttcagaa tggctatcaa aattcagcga
     1201 tttaataacg atttacaagt tcataaggga ttctttattc atccagctat tatattactt
     1261 ttcaggtcaa taggacaact gtccacaacc tttctacaaa tatattacgt ataatttttg
     1321 aaatatatac tgcttaacaa aatattttgc agtggttcca atagttttga attgttaata
     1381 ttaagtttga cttggaaaat atcattaaaa gggttctgtt gcaaagtttt aaatctacta
     1441 tcaaataagg tagaataata gaaaaagata gcaggaggaa tgacgatgaa tcattttaaa
     1501 ggaaagcaat ttcagcagga tgtgattatt gtagccgtgg gcta
//
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Enterococcus sp. SN373 insertion sequence IS1216 transposase gene, partial cds; cadE
gene, complete sequence; tetS gene, partial sequence; and TetS gene, partial cds
GenBank: JN980095.1
FASTA  Graphics
Go to:
LOCUS       JN980095                1676 bp    DNA     linear   BCT 19-MAR-2012
DEFINITION  Enterococcus sp. SN373 insertion sequence IS1216 transposase gene,
partial cds; cadE gene, complete sequence; tetS gene, partial
sequence; and TetS gene, partial cds.
ACCESSION   JN980095
VERSION     JN980095.1  GI:380040892
KEYWORDS    .
SOURCE Enterococcus sp. SN373
  ORGANISM  Enterococcus sp. SN373
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 1676)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L. and
Coque,T.M.
  TITLE     Spread and Diversification of tet(S) Conjugative Transposon CTn6000
  JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 1676)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L. and
Coque,T.M.
  TITLE     Direct Submission
  JOURNAL   Submitted (01-NOV-2011) Microbiology, REQUIMTE, Pharmacy Faculty,
Rua Jorge Viterbo Ferreira #228, Porto 4050-313, Portugal
FEATURES Location/Qualifiers
     source 1..1676
/organism="Enterococcus sp. SN373"
/mol_type="genomic DNA"
/strain="SN373"
/isolation_source="piggery; food for animals"
/db_xref="taxon:1156716"
/plasmid="unnamed"
/country="Portugal"
/collection_date="2006"
mobile_element  complement(<1..134)
/mobile_element_type="insertion sequence:IS1216"
CDS             complement(<1..66)
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AFD32981.1"
/db_xref="GI:380040893"
/translation="MTMNHFKGKQFQQDVIIVAVGY"
repeat_region   complement(113..134)
/note="IR left"
/rpt_type=inverted
gene            187..261
/gene="cadE"
misc_feature    187..261
/gene="cadE"
/note="nonfunctional cadmium efflux system accessory
protein due to mutation"
gene            873..>1676
/gene="tetS"
CDS             873..>1676
/gene="tetS"
/note="tetracycline resistance protein"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AFD32982.1"
/db_xref="GI:380040894"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
Display Settings: GenBank
Nucleotide
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GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQRLVYV"
ORIGIN
1 gtagcccacg gctacaataa tcacatcctg ctgaaattgc tttcctttaa aatgattcat
61 cgtcattcct cctgctatct ttttctatta ttctacctta tttgatagta gatttaaaac
121 tttgcaacag aaccatcaaa tagatatact tcattcaaac aatcgtttga atgtgaggtg
181 agatgaatga aaaaagtttg ccaagtgact gtcgtacata aagaaaaagt aaatggaata
241 aaaaataaat tggatcaaaa agatattttc caagtcaaac ttaatattaa caattcaaaa
301 ctattggaac cactgcaaaa tattttgtta agcagtatat atttcaaaaa ttatacgtaa
361 tatatttgta gaaaggttgt ggacagttgt cctattgacc tgaaaagtaa tataatagct
421 ggatgaataa agaatccctt atgaacttgt aaatcgttat taaatcgctg aattttgata
481 gccattctga agagttatct tcaactacta cactaacttc cattaatttc tcattaattt
541 ccctttcgtt caaaaaatat ggttggcttt acaagcattc tatcatatga tagaattaag
601 ataacattca aaaggagata ataaaaatgc ggcaaggtat tcttaaataa actgtcaatt
661 agatagcggg aataattaat taagcatcct tatttaaaat aaggactggt tttttgtgcc
721 cagtttaaga atacttttat cattttatca taaagcatct gtggctatca gtgtgtagta
781 tacagctatt tttgtattaa aatcccagtg ataagagtat ttatcactgg gattttttct
841 gctttttgag cttttgaatg gaggaaataa aattgaaaat tattaatatc ggtatcttag
901 cacatgttga tgcaggaaaa actactttga cagaaagctt actatacagt agcggagcaa
961 ttaaagagtt aggaagtgta gatagcggta caacgaaaac ggatactatg tttttggaac
     1021 gccagagagg tattactatt cagaccgcaa taacatcttt tcaacgggaa aatgttaaag
     1081 taaatattgt agatactcct ggacacatgg attttttggc agatgtatac cgttcattat
     1141 ctgttttgga tggagctatt ttgctaatct ctgcaaaaga tggagtacag tcacaaactc
     1201 gtatactatt ccatgcactt agaaagatga acatacctat aatatttttt attaacaaaa
     1261 ttgatcaaaa tggaataaat ttgccagatg tttatcaaga tattaaggac aaactttctg
     1321 acgacatcat aattaagcag actgtgaatc taaatttgaa accttatgta atagattata
     1381 ctgaaccaga acaatgggag acagtaattg tgggaaatga ttatttatta gaaaaatata
     1441 ccattgggaa aacattgaat attgcagaac ttgaaaagga ggaaaacgaa agaattcaaa
     1501 gttgctcctt atatcctgtt tatcacggaa gtgcaaagaa taatattgga attaaacaac
     1561 ttatagaggt aattactagc aaattatttt cacccacaca actcaattca gataaacttt
     1621 gtggaaatgt ttttaaagta gaatattcag atgatggtca acggcttgtc tatgta
//
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Enterococcus faecalis strain SN369 plasmid insertion sequence IS1216 transposase gene,
partial cds; cadE and tetS genes, complete sequence; and TetS gene, partial cds
GenBank: JN980094.1
FASTA  Graphics
Go to:
LOCUS       JN980094                1671 bp    DNA     linear   BCT 19-MAR-2012
DEFINITION  Enterococcus faecalis strain SN369 plasmid insertion sequence
IS1216 transposase gene, partial cds; cadE and tetS genes, complete
sequence; and TetS gene, partial cds.
ACCESSION   JN980094
VERSION     JN980094.1  GI:380040889
KEYWORDS    .
SOURCE Enterococcus faecalis
  ORGANISM  Enterococcus faecalis
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 1671)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Spread of tet(S) among enterococci is mediated by CTn6000 and
plasmids harbouring different composite sequence
  JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 1671)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Direct Submission
  JOURNAL   Submitted (01-NOV-2011) Microbiology, REQUIMTE, Pharmacy Faculty,
Rua Jorge Viterbo Ferreira #228, Porto 4050-313, Portugal
FEATURES Location/Qualifiers
     source 1..1671
/organism="Enterococcus faecalis"
/mol_type="genomic DNA"
/strain="SN369"
/isolation_source="piggery manure"
/db_xref="taxon:1351"
/plasmid="unnamed"
/country="Portugal"
/collection_date="2006"
mobile_element  complement(<1..129)
/mobile_element_type="insertion sequence:IS1216"
CDS             complement(<1..61)
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AFD32979.1"
/db_xref="GI:380040890"
/translation="MTMNHFKGKQFQQDVIIVAV"
repeat_region   complement(107..129)
/note="IR left"
/rpt_type=inverted
gene            182..256
/gene="cadE"
misc_feature    182..256
/gene="cadE"
/note="nonfunctional cadmium efflux system accessory
protein due to mutation"
gene            868..>1671
/gene="tetS"
CDS             868..>1671
/gene="tetS"
/note="tetracycline resistance protein"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AFD32980.1"
/db_xref="GI:380040891"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
Display Settings: GenBank
Nucleotide
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NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQRLVYV"
ORIGIN
1 ccacggctac aataatcaca tcctgctgaa attgctttcc tttaaaatga ttcatcgtca
61 ttcctcctgc tatctttttc tattattcta ccttatttga tagtagattt aaaactttgc
121 aacagaacca tcaaatagat atacttcatt caaacaatcg tttgaatgtg aggtgagatg
181 aatgaaaaaa gtttgccaag tgactgtcgt acataaagaa aaagtaaatg gaataaaaaa
241 taaattggat caaaaagata ttttccaagt caaacttaat attaacaatt caaaactatt
301 ggaaccactg caaaatattt tgttaagcag tatatatttc aaaaattata cgtaatatat
361 ttgtagaaag gttgtggaca gttgtcctat tgacctgaaa agtaatataa tagctggatg
421 aataaagaat cccttatgaa cttgtaaatc gttattaaat cgctgaattt tgatagccat
481 tctgaagagt tatcttcaac tactacacta acttccatta atttctcatt aatttccctt
541 tcgttcaaaa aatatggttg gctttacaag cattctatca tatgatagaa ttaagataac
601 attcaaaagg agataataaa aatgcggcaa ggtattctta aataaactgt caattagata
661 gcgggaataa ttaattaagc atccttattt aaaataagga ctggtttttt gtgcccagtt
721 taagaatact tttatcattt tatcataaag catctgtggc tatcagtgtg tagtatacag
781 ctatttttgt attaaaatcc cagtgataag agtatttatc actgggattt tttctgcttt
841 ttgagctttt gaatggagga aataaaattg aaaattatta atatcggtat cttagcacat
901 gttgatgcag gaaaaactac tttgacagaa agcttactat acagtagcgg agcaattaaa
961 gagttaggaa gtgtagatag cggtacaacg aaaacggata ctatgttttt ggaacgccag
     1021 agaggtatta ctattcagac cgcaataaca tcttttcaac gggaaaatgt taaagtaaat
     1081 attgtagata ctcctggaca catggatttt ttggcagatg tataccgttc attatctgtt
     1141 ttggatggag ctattttgct aatctctgca aaagatggag tacagtcaca aactcgtata
     1201 ctattccatg cacttagaaa gatgaacata cctataatat tttttattaa caaaattgat
     1261 caaaatggaa taaatttgcc agatgtttat caagatatta aggacaaact ttctgacgac
     1321 atcataatta agcagactgt gaatctaaat ttgaaacctt atgtaataga ttatactgaa
     1381 ccagaacaat gggagacagt aattgtggga aatgattatt tattagaaaa atataccatt
     1441 gggaaaacat tgaatattgc agaacttgaa aaggaggaaa acgaaagaat tcaaagttgc
     1501 tccttatatc ctgtttatca cggaagtgca aagaataata ttggaattaa acaacttata
     1561 gaggtaatta ctagcaaatt attttcaccc acacaactca attcagataa actttgtgga
     1621 aatgttttta aagtagaata ttcagatgat ggtcaacggc tggtctatgt a
//
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Enterococcus sp. SN151 insertion sequence IS1216 transposase gene, partial cds; tetS gene,
complete sequence; TetS and hypothetical protein genes, complete cds; and insertion
sequence IS1216 transposase gene, partial cds
GenBank: JN980093.1
FASTA  Graphics
Go to:
LOCUS       JN980093                3722 bp    DNA     linear   BCT 19-MAR-2012
DEFINITION  Enterococcus sp. SN151 insertion sequence IS1216 transposase gene,
partial cds; tetS gene, complete sequence; TetS and hypothetical
protein genes, complete cds; and insertion sequence IS1216
transposase gene, partial cds.
ACCESSION   JN980093
VERSION     JN980093.1  GI:380040884
KEYWORDS    .
SOURCE Enterococcus sp. SN151
 ORGANISM  Enterococcus sp. SN151
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 3722)
 AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
 TITLE     Spread of tet(S) among enterococci is mediated by CTn6000 and
plasmids harbouring different composite sequence
 JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 3722)
 AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
 TITLE     Direct Submission
 JOURNAL   Submitted (01-NOV-2011) Microbiology, REQUIMTE, Pharmacy Faculty,
Rua Jorge Viterbo Ferreira #228, Porto 4050-313, Portugal
FEATURES Location/Qualifiers
    source 1..3722
/organism="Enterococcus sp. SN151"
/mol_type="genomic DNA"
/strain="SN151"
/isolation_source="piggery waste lagoon"
/db_xref="taxon:1156715"
/plasmid="unnamed"
/country="Portugal"
/collection_date="2006"
mobile_element  complement(1..121)
/mobile_element_type="insertion sequence:IS1216"
CDS             complement(<1..53)
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AFD32975.1"
/db_xref="GI:380040885"
/translation="MTMNHFKGKQFQQDVIIV"
repeat_region   complement(99..121)
/note="IR left"
/rpt_type=inverted
misc_feature    122..334
/note="nonfunctional conjugation related protein due to
insertion sequence; similar to CTn6000 orf13"
gene            1178..3103
/gene="tetS"
CDS             1178..3103
/gene="tetS"
/note="tetracycline resistance protein; similar to CTn6000
sequence"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AFD32976.1"
/db_xref="GI:380040886"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
Display Settings: GenBank
Nucleotide
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NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQRLVYVRLYSGTLH
LRDSVNISEKEKIKVTEMYTSINGELRQIDKAEPGEIIILKNELLKLNNVLGDKKRLP
HREILENPLPMLQTTIEPCKSVQREKLLDALFEISDSDPLLQYYVDTVTHEIVLSFLG
EVQMEVTCTLIQEKYHIEIETRKPTVIYMERPLKKSEFTIDIEVPPNPFWASIGLSVT
PLPLGSGIQYESLVSLGYLNQSFQNAVMEGIRYGCEQGLYGWKLTDCKICFKYGLYYS
PVSTPADFRMLAPIVLEQAFRKSGTELLEPYLSFEIYVPQEYLSRAYNDASKYCANIL
NTKLKGNEVILIGEIPARCIQEYRNSLTFFTNGRSVCLTELKGYQVTNIKSAFQPRRP
NNRIDKVRHMFNKINLH"
     CDS             3223..3354
/note="conjugative transposon protein; similar to CTn6000
orf6"
/codon_start=1
/transl_table=11
/product="hypothetical protein"
/protein_id="AFD32977.1"
/db_xref="GI:380040887"
/translation="MREDTELKNFPLFCPKCRQEILIEITKFRITVITEPDAKTQSR"
     mobile_element  complement(3625..>3722)
/mobile_element_type="insertion sequence:IS1216"
     repeat_region   complement(3625..3646)
/note="IR right"
/rpt_type=inverted
     CDS             complement(3679..>3722)
/codon_start=3
/transl_table=11
/product="transposase"
/protein_id="AFD32978.1"
/db_xref="GI:380040888"
/translation="VCTEIKVLLGIPA"
ORIGIN
1 acaataatca catcctgctg aaattgcttt cctttaaaat gattcatcgt cattcctcct
61 gctatctttt tctattattc taccttattt gatagtagat ttaaaacttt gcaacagaac
121 cgattattat atgatggaag atgttttacc aataatcagt caaaacttta tttactctga
181 gttggtgaat ccaattattc agaagaaaga gaaacagtat ctagtaaaaa tagccgttcg
241 atatttagac aatgaaacaa agattgaaaa tatttcccaa taccaattaa ctttagagaa
301 gaaggataac tggaaaataa taatgaatga ataaagaata ttaagatgaa aacaatactt
361 gaatatttag tataagcaaa aaaaattgta tgtcactata gcaaacttat aatgatttag
421 cataaataat ccaaaatata gcgtgaaatc aaccttctat gagaagtata agcaaattca
481 cctttattct aacttataac tattttcatt acattactta aaaaggtctc tccaattttt
541 tccaaataaa cagtataact tttaatgata ttttccaagt caaacttaat attaacaatt
601 caaaactatt ggaaccactg caaaatattt tgttaagcag tatatatttc aaaaattata
661 cgtaatatat ttgtagaaag gttgtggaca gttgtcctat tgacctgaaa agtaatataa
721 tagctggatg aataaagaat cccttatgaa cttgtaaatc gttattaaat cgctgaattt
781 tgatagccat tctgaagagt tatcttcaac tactacacta acttccatta atttctcatt
841 aatttccctt tcgttcaaaa aatatggttg gctttacaag cattctatca tatgatagaa
901 ttaagataac attcaaaagg agataataaa aatgcggcaa ggtattctta aataaactgt
961 caattagata gcgggaataa ttaattaagc atccttattt aaaataagga ctggtttttt
     1021 gtgcccagtt taagaatact tttatcattt tatcataaag catctgtggc tatcagtgtg
     1081 tagtatacag ctatttttgt attaaaatcc cagtgataag agtatttatc actgggattt
     1141 tttctgcttt ttgagctttt gaatggagga aataaaattg aaaattatta atatcggtat
     1201 cttagcacat gttgatgcag gaaaaactac tttgacagaa agcttactat acagtagcgg
     1261 agcaattaaa gagttaggaa gtgtagatag cggtacaacg aaaacggata ctatgttttt
     1321 ggaacgccag agaggtatta ctattcagac cgcaataaca tcttttcaac gggaaaatgt
     1381 taaagtaaat attgtagata ctcctggaca catggatttt ttggcagatg tataccgttc
     1441 attatctgtt ttggatggag ctattttgct aatctctgca aaagatggag tacagtcaca
     1501 aactcgtata ctattccatg cacttagaaa gatgaacata cctataatat tttttattaa
     1561 caaaattgat caaaatggaa taaatttgcc agatgtttat caagatatta aggacaaact
     1621 ttctgacgac atcataatta agcagactgt gaatctaaat ttgaaacctt atgtaataga
     1681 ttatactgaa ccagaacaat gggagacagt aattgtggga aatgattatt tattagaaaa
     1741 atataccatt gggaaaacat tgaatattgc agaacttgaa aaggaggaaa acgaaagaat
     1801 tcaaagttgc tccttatatc ctgtttatca cggaagtgca aagaataata ttggaattaa
     1861 acaacttata gaggtaatta ctagcaaatt attttcaccc acacaactca attcagataa
     1921 actttgtgga aatgttttta aagtagaata ttcagatgat ggtcaacggc ttgtctatgt
     1981 acgtctttat agtggaacgc tacatttgcg agactcagtc aatatatcag aaaaggaaaa
     2041 aataaaagtt acagaaatgt atacttcaat aaatggagaa ttacgccaga tagataaggc
     2101 agagcctggt gagattatta ttttaaaaaa tgagctttta aaactaaata acgtacttgg
     2161 agataaaaaa agattaccac atagagaaat tcttgagaat cctcttccta tgttacaaac
     2221 aacaattgaa ccatgtaaat cagtacaaag agaaaagtta ctagatgcac tttttgaaat
     2281 atccgatagt gatccccttc tacaatatta tgtagataca gtaactcacg aaattgtgct
     2341 atctttttta ggtgaggtcc aaatggaggt aacttgtact ctgattcaag aaaaatatca
     2401 tattgagata gaaacaagaa aaccaactgt catttatatg gaaagaccat taaaaaaatc
     2461 tgaatttacc attgatatcg aagtacctcc aaatcctttc tgggcttcta ttggtttatc
     2521 tgtaacacca cttcctttgg gtagtggcat tcagtatgag agcctggttt ctctaggtta
     2581 tttaaatcaa tcatttcaaa atgcagttat ggaaggtata cgctatgggt gtgaacaagg
     2641 attgtacggt tggaaattaa cagactgtaa gatctgtttt aagtatggtc tatattacag
     2701 ccctgtcagt acgccagcag atttccgaat gcttgcgcct attgtactag agcaggcttt
     2761 tagaaagagt ggtacagagt tattagagcc atatcttagc ttcgaaattt atgtaccaca
     2821 agaatatctt tcgagagcat ataatgatgc ttccaaatat tgtgcaaata ttttaaatac
     2881 taagttaaaa ggtaacgagg tcattctcat tggtgaaatt ccagcccgtt gtattcaaga
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     2941 gtatcgaaac agtttaactt tctttacaaa tggacgcagt gtctgtttaa cagagttaaa
     3001 aggttatcag gttactaaca ttaagtctgc tttccaacca cgtcgtccaa ataatagaat
     3061 agacaaagta aggcatatgt ttaataaaat caacttacat tgatagtgaa ctaaagagaa
     3121 atttttaaaa tgaatatgag ttgttaatta gaacaggagg atatagatat tgtaaatact
     3181 agtgatactg tgccctatat gtggcaataa gacccgttta aaatgaggga agatactgaa
     3241 ttaaaaaatt tccctctatt ttgtcctaaa tgcagacaag aaattttaat tgaaataacg
     3301 aagtttagaa taactgtaat tacagagcca gacgcaaaga cgcagagccg ataattcgag
     3361 atatcaaaat ctcattttat cggctttttc ttttctatgc ataccattga gcttagttct
     3421 tgatatcctt tataagaaaa taagtgtact gatttttttt gcagtagctg tattacagta
     3481 gacatccctc aagcataaaa agtatacaat taaaattcaa tacttgatta ttgatgaagt
     3541 acagagttac tcgtcatttc aaaactagta tatcagtcaa gtttttccta aggaacaaaa
     3601 acgaacttcg ctatgggaat caaaaaattt tgaaacgttg tcttggtaaa gaataaaatc
     3661 ccttacggta tctatgattt aagctgggat tcccaataat accttgattt cagtacagac
     3721 cg
//
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Enterococcus gallinarum strain F329 plasmid insertion sequence IS1216 transposase gene,
partial cds; tetS gene, partial sequence; and TetS gene, partial cds
GenBank: JN980092.1
FASTA  Graphics
Go to:
LOCUS       JN980092                1991 bp    DNA     linear   BCT 19-MAR-2012
DEFINITION  Enterococcus gallinarum strain F329 plasmid insertion sequence
IS1216 transposase gene, partial cds; tetS gene, partial sequence;
and TetS gene, partial cds.
ACCESSION   JN980092
VERSION     JN980092.1  GI:380040881
KEYWORDS    .
SOURCE Enterococcus gallinarum
 ORGANISM  Enterococcus gallinarum
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 1991)
 AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
 TITLE     Spread of tet(S) among enterococci is mediated by CTn6000 and
plasmids harbouring different composite sequence
 JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 1991)
 AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
 TITLE     Direct Submission
 JOURNAL   Submitted (01-NOV-2011) Microbiology, REQUIMTE, Pharmacy Faculty,
Rua Jorge Viterbo Ferreira #228, Porto 4050-313, Portugal
FEATURES Location/Qualifiers
    source 1..1991
/organism="Enterococcus gallinarum"
/mol_type="genomic DNA"
/strain="F329"
/isolation_source="poultry carcasse"
/db_xref="taxon:1353"
/plasmid="unnamed"
/country="Portugal"
/collection_date="1999"
mobile_element  complement(<1..131)
/mobile_element_type="insertion sequence:IS1216"
CDS             complement(<1..63)
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AFD32973.1"
/db_xref="GI:380040882"
/translation="MKMNHFKGKQFQQDVIIVAVG"
repeat_region   110..131
/note="IR left"
/rpt_type=inverted
misc_feature    132..344
/note="nonfunctional conjugation related protein due to
insertion sequence; similar to CTn6000 orf13"
gene            1188..>1991
/gene="tetS"
CDS             1188..>1991
/gene="tetS"
/note="tetracycline resistance protein; similar to CTn6000
sequence"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AFD32974.1"
/db_xref="GI:380040883"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQRLVYV"
Display Settings: GenBank
Nucleotide
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Enterococcus gallinarum strain F38 plasmid insertion sequence IS1216 t - Nucleotide - NCBI
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Enterococcus gallinarum strain F38 plasmid insertion sequence IS1216 transposase gene,
partial cds; tetS gene, partial sequence; and TetS gene, partial cds
GenBank: JN980091.1
FASTA  Graphics
Go to:
LOCUS       JN980091                1993 bp    DNA     linear   BCT 19-MAR-2012
DEFINITION  Enterococcus gallinarum strain F38 plasmid insertion sequence
IS1216 transposase gene, partial cds; tetS gene, partial sequence;
and TetS gene, partial cds.
ACCESSION   JN980091
VERSION     JN980091.1  GI:380040878
KEYWORDS    .
SOURCE Enterococcus gallinarum
 ORGANISM  Enterococcus gallinarum
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 1993)
 AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
 TITLE     Spread of tet(S) among enterococci is mediated by CTn6000 and
plasmids harbouring different composite sequence
 JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 1993)
 AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L. and
Roberts,A.P.
 TITLE     Direct Submission
 JOURNAL   Submitted (01-NOV-2011) Microbiology, REQUIMTE, Pharmacy Faculty,
Rua Jorge Viterbo Ferreira #228, Porto 4050-313, Portugal
FEATURES Location/Qualifiers
    source 1..1993
/organism="Enterococcus gallinarum"
/mol_type="genomic DNA"
/strain="F38"
/isolation_source="poultry carcasse"
/db_xref="taxon:1353"
/plasmid="unnamed"
/country="Portugal"
/collection_date="1999"
mobile_element  complement(<1..133)
/mobile_element_type="insertion sequence:IS1216"
CDS             complement(<1..66)
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AFD32971.1"
/db_xref="GI:380040879"
/translation="MKMNHFKGKQFQQDVIIVAVGY"
repeat_region   complement(113..133)
/note="IR left"
/rpt_type=inverted
misc_feature    134..347
/note="nonfunctional conjugation related protein due to
insertion sequence; similar to CTn6000 orf13"
gene            1191..>1993
/gene="tetS"
CDS             1191..>1993
/gene="tetS"
/note="tetracycline resistance protein; similar to CTn6000
sequence"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AFD32972.1"
/db_xref="GI:380040880"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQRLVYV"
Display Settings: GenBank
Nucleotide
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ORIGIN
1 gtagcccacg gctacaataa tcacatcctg ctgaaattgc tttcctttaa aatgattcat
61 cttcattcct cctgctatct ttttctatta ttctacctta tttgatagta gatttaaaac
121 tttgcaacag aaccgattat tatatgatgg aagatgtttt accaataatc agtcaaaact
181 ttatttactc tgagttggtg aatccaatta ttcagaagaa agagaaacag tatctagtaa
241 aaatagccgt tcgatattta gacaatgaaa caaagattga aaatatttcc caataccaat
301 taactttaga gaagaaggat aactggaaaa taataatgaa tgaataaaga atattaagat
361 gaaaacaata cttgaatatt tagtataagc aaaaaaaatt gtatgtcact atagcaaact
421 tataatgatt tagcataaat aatccaaaat atagcgtgaa atcaaccttc tatgagaagt
481 ataagcaaat tcacctttat tctaacttat aactattttc attacattac ttaaaaaggt
541 ctctccaatt ttttccaaat aaacagtata acttttaatg atattttcca agtcaaactt
601 aatattaaca attcaaaact attggaacca ctgcaaaata ttttgttaag cagtatatat
661 ttcaaaaatt atacgtaata tatttgtaga aaggttgtgg acagttgtcc tattgacctg
721 aaaagtaata taatagctgg atgaataaag aatcccttat gaacttgtaa atcgttatta
781 aatcgctgaa ttttgatagc cattctgaag agttatcttc aactactaca ctaacttcca
841 ttaatttctc attaatttcc ctttcgttca aaaaatatgg ttggctttac aagcattcta
901 tcatatgata gaattaagat aacattcaaa aggagataat aaaaatgcgg caaggtattc
961 ttaaataaac tgtcaattag atagcgggaa taattaatta agcatcctta tttaaaataa
     1021 ggactggttt tttgtgccca gtttaagaat acttttatca ttttatcata aagcatctgt
     1081 ggctatcagt gtgtagtata cagctatttt tgtattaaaa tcccagtgat aagagtattt
     1141 atcactggga ttttttctgc tttttgagct tttgaatgga ggaaataaaa ttgaaaatta
     1201 ttaatatcgg tatcttagca catgttgatg caggaaaaac tactttgaca gaaagcttac
     1261 tatacagtag cggagcaatt aaagagttag gaagtgtaga tagcggtaca acgaaaacgg
     1321 atactatgtt tttggaacgc cagagaggta ttactattca gaccgcaata acatcttttc
     1381 aacgggaaaa tgttaaagta aatattgtag atactcctgg acacatggat tttttggcag
     1441 atgtataccg ttcattatct gttttggatg gagctatttt gctaatctct gcaaaagatg
     1501 gagtacagtc acaaactcgt atactattcc atgcacttag aaagatgaac atacctataa
     1561 tattttttat taacaaaatt gatcaaaatg gaataaattt gccagatgtt tatcaagata
     1621 ttaaggacaa actttctgac gacatcataa ttaagcagac tgtgaatcta aatttgaaac
     1681 cttatgtaat agattatact gaaccagaac aatgggagac agtaattgtg ggaaatgatt
     1741 atttattaga aaaatatacc attgggaaaa cattgaatat tgcagaactt gaaaaggagg
     1801 aaaacgaaag aattcaaagt tgctccttat atcctgttta tcacggaagt gcaaagaata
     1861 atattggaat taaacaactt atagaggtaa ttactagcaa attattttca cccacacaac
     1921 tcaattcaga taaactttgt ggaaatgttt ttaaagtaga atattcagat gatggtcaac
     1981 ggcttgtcta tgt
//
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ORIGIN
1 gcccacggct acaataatca catcctgctg aaattgcttt cctttaaaat gattcatctt
61 cattcctcct gctatctttt tctattattc taccttattt gatagtagat ttaaaacttt
121 gcaacagaac cgattattat atgatggaag atgttttacc aataatcagt caaaacttta
181 tttactctga gttggtgaat ccaattattc agaagaaaga gaaacagtat ctagtaaaaa
241 tagccgttcg atatttagac aatgaaacaa agattgaaaa tatttcccaa taccaattaa
301 ctttagagaa gaaggataac tggaaaataa taatgaatga ataaagaata ttaagatgaa
361 aacaatactt gaatatttag tataagcaaa aaaaattgta tgtcactata gcaaacttat
421 aatgatttag cataaataat ccaaaatata gcgtgaaatc aaccttctat gagaagtata
481 agcaaattca cctttattct aacttataac tattttcatt acattactta aaaaggtctc
541 tccaattttt tccaaataaa cagtataact tttaatgata ttttccaagt caaacttaat
601 attaacaatt caaaactatt ggaaccactg caaaatattt tgttaagcag tatatatttc
661 aaaaattata cgtaatatat ttgtagaaag gttgtggaca gttgtcctat tgacctgaaa
721 agtaatataa tagctggatg aataaagaat cccttatgaa cttgtaaatc gttattaaat
781 cgctgaattt tgatagccat tctgaagagt tatcttcaac tactacacta acttccatta
841 atttctcatt aatttccctt tcgttcaaaa aatatggttg gctttacaag cattctatca
901 tatgatagaa ttaagataac attcaaaagg agataataaa aatgcggcaa ggtattctta
961 aataaactgt caattagata gcgggaataa ttaattaagc atccttattt aaaataagga
     1021 ctggtttttt gtgcccagtt taagaatact tttatcattt tatcataaag catctgtggc
     1081 tatcagtgtg tagtatacag ctatttttgt attaaaatcc cagtgataag agtatttatc
     1141 actgggattt tttctgcttt ttgagctttt gaatggagga aataaaattg aaaattatta
     1201 atatcggtat cttagcacat gttgatgcag gaaaaactac tttgacagaa agcttactat
     1261 acagtagcgg agcaattaaa gagttaggaa gtgtagatag cggtacaacg aaaacggata
     1321 ctatgttttt ggaacgccag agaggtatta ctattcagac cgcaataaca tcttttcaac
     1381 gggaaaatgt taaagtaaat attgtagata ctcctggaca catggatttt ttggcagatg
     1441 tataccgttc attatctgtt ttggatggag ctattttgct aatctctgca aaagatggag
     1501 tacagtcaca aactcgtata ctattccatg cacttagaaa gatgaacata cctataatat
     1561 tttttattaa caaaattgat caaaatggaa taaatttgcc agatgtttat caagatatta
     1621 aggacaaact ttctgacgac atcataatta agcagactgt gaatctaaat ttgaaacctt
     1681 atgtaataga ttatactgaa ccagaacaat gggagacagt aattgtggga aatgattatt
     1741 tattagaaaa atataccatt gggaaaacat tgaatattgc agaacttgaa aaggaggaaa
     1801 acgaaagaat tcaaagttgc tccttatatc ctgtttatca cggaagtgca aagaataata
     1861 ttggaattaa acaacttata gaggtaatta ctagcaaatt attttcaccc acacaactca
     1921 attcagataa actttgtgga aatgttttta aagtagaata ttcagatgat ggtcaacggc
     1981 ttgtctatgt a
//
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Enterococcus faecalis plasmid insertion sequence ISEnta1 transposase gene, partial cds;
and TetS (tetS) gene, partial cds
GenBank: JN998895.1
FASTA  Graphics
Go to:
LOCUS       JN998895                1577 bp    DNA     linear   BCT 19-MAR-2012
DEFINITION  Enterococcus faecalis plasmid insertion sequence ISEnta1
transposase gene, partial cds; and TetS (tetS) gene, partial cds.
ACCESSION   JN998895
VERSION     JN998895.1  GI:380005295
KEYWORDS    .
SOURCE Enterococcus faecalis
  ORGANISM  Enterococcus faecalis
Bacteria; Firmicutes; Bacilli; Lactobacillales; Enterococcaceae;
Enterococcus.
REFERENCE   1  (bases 1 to 1577)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Spread of tet(S) among enterococci is mediated by CTn6000 and
plasmids harbouring different composite sequences
  JOURNAL   Unpublished
REFERENCE   2  (bases 1 to 1577)
  AUTHORS   Novais,C., Freitas,A.R., Silveira,E., Baquero,F., Peixe,L.,
Roberts,A.P. and Coque,T.M.
  TITLE     Direct Submission
  JOURNAL   Submitted (07-NOV-2011) Microbiology, REQUIMTE. Pharmacy Faculty,
Rua Jorge Viterbo Ferreira 228, Porto 050-313, Portugal
FEATURES Location/Qualifiers
     source 1..1577
/organism="Enterococcus faecalis"
/mol_type="genomic DNA"
/strain="SN245"
/isolation_source="pig manure"
/db_xref="taxon:1351"
/plasmid="unnamed"
/country="Portugal"
/collection_date="2006"
mobile_element  complement(<1..134)
/mobile_element_type="insertion sequence:ISEnta1"
CDS             complement(<1..65)
/codon_start=1
/transl_table=11
/product="transposase"
/protein_id="AFD29104.1"
/db_xref="GI:380005296"
/translation="MKMTQFKGKQFQKDVIIVAVG"
repeat_region   complement(118..134)
/note="IR left"
/rpt_type=inverted
misc_feature    135..173
/note="similar to cadE"
misc_feature    174..>1577
/note="similar to Tn6000"
gene            784..>1577
/gene="tetS"
CDS             784..>1577
/gene="tetS"
/note="tetracycline resistance protein"
/codon_start=1
/transl_table=11
/product="TetS"
/protein_id="AFD29105.1"
/db_xref="GI:380005297"
/translation="MKIINIGILAHVDAGKTTLTESLLYSSGAIKELGSVDSGTTKTD
TMFLERQRGITIQTAITSFQRENVKVNIVDTPGHMDFLADVYRSLSVLDGAILLISAK
DGVQSQTRILFHALRKMNIPIIFFINKIDQNGINLPDVYQDIKDKLSDDIIIKQTVNL
NLKPYVIDYTEPEQWETVIVGNDYLLEKYTIGKTLNIAELEKEENERIQSCSLYPVYH
GSAKNNIGIKQLIEVITSKLFSPTQLNSDKLCGNVFKVEYSDDGQRL"
ORIGIN
Display Settings: GenBank
Nucleotide
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1 tagccgacgg ctacgataat cacgtctttt tgaaattgtt ttcctttgaa ctgagtcatc
61 ttcattcctc caagctatct ttttcaatta ttttacctca aaatgagctt atcggaaact
121 ttgcaacaga acccaaaaag taaatggaat aaaaaataaa ttggatcaaa aagatatttt
181 ccaagtcaaa cttaatatta acaattcaaa actattggaa ccactgcaaa atattttgtt
241 aagcagtata tatttcaaaa attatacgta atatatttgt agaaaggttg tggacagttg
301 tcctattgac ctgaaaagta atataatagc tggatgaata aagaatccct tatgaacttg
361 taaatcgtta ttaaatcgct gaattttgat agccattctg aagagttatc ttcaactact
421 acactaactt ccattaattt ctcattaatt tccctttcgt tcaaaaaata tggttggctt
481 tacaagcatt ctatcatatg atagaattaa gataacattc aaaaggagat aataaaaatg
541 cggcaaggta ttcttaaata aactgtcaat tagatagcgg gaataattaa ttaagcatcc
601 ttatttaaaa taaggactgg ttttttgtgc ccagtttaag aatactttta tcattttatc
661 ataaagcatc tgtggctatc agtgtgtagt atacagctat ttttgtatta aaatcccagt
721 gataagagta tttatcactg ggattttttc tgctttttga gcttttgaat ggaggaaata
781 aaattgaaaa ttattaatat cggtatctta gcacatgttg atgcaggaaa aactactttg
841 acagaaagct tactatacag tagcggagca attaaagagt taggaagtgt agatagcggt
901 acaacgaaaa cggatactat gtttttggaa cgccagagag gtattactat tcagaccgca
961 ataacatctt ttcaacggga aaatgttaaa gtaaatattg tagatactcc tggacacatg
     1021 gattttttgg cagatgtata ccgttcatta tctgttttgg atggagctat tttgctaatc
     1081 tctgcaaaag atggagtaca gtcacaaact cgtatactat tccatgcact tagaaagatg
     1141 aacataccta taatattttt tattaacaaa attgatcaaa atggaataaa tttgccagat
     1201 gtttatcaag atattaagga caaactttct gacgacatca taattaagca gactgtgaat
     1261 ctaaatttga aaccttatgt aatagattat actgaaccag aacaatggga gacagtaatt
     1321 gtgggaaatg attatttatt agaaaaatat accattggga aaacattgaa tattgcagaa
     1381 cttgaaaagg aggaaaacga aagaattcaa agttgctcct tatatcctgt ttatcacgga
     1441 agtgcaaaga ataatattgg aattaaacaa cttatagagg taattactag caaattattt
     1501 tcacccacac aactcaattc agataaactt tgtggaaatg tttttaaagt agaatattca
     1561 gatgatggtc aacggct
//
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